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CHAPTER 1

Getting Started

1.0  Introduction

1



Arduino Software

Arduino Hardware
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See Also
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1.1  Installing the Integrated Development Environment (IDE)
Problem

Solution
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Discussion

See Also

1.2  Setting Up the Arduino Board
Problem

Solution
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Discussion

See Also
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1.3  Using the Integrated Development Environment (IDE) to
Prepare an Arduino Sketch
Problem

Solution

ໜ ໜ
ໜ ໜ

ൺ ൺ

ൺ

Binary sketch size: 1008 bytes (of a 32256 byte maximum)
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Discussion

1.3  Using the Integrated Development Environment (IDE) to Prepare an Arduino Sketch | 9



Sketch too big; see http://www.arduino.cc/en/Guide/Troubleshooting#size
 for tips on reducing it.
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ൺ

See Also

1.4  Uploading and Running the Blink Sketch
Problem

Solution

ൺ

ൺ

1.4  Uploading and Running the Blink Sketch | 11



/dev/tty.usbmodem-XXXXXXX
/dev/cu.usbmodem-XXXXXXX

/dev/tty.usbserial-XXXXXXX
/dev/cu.usbserial-XXXXXXX

XXXXXXX

ൺ

Discussion

ൺ
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See Also

1.5  Creating and Saving a Sketch
Problem

Solution

const int ledPin =  13;    // LED connected to digital pin 13

void setup()
{
  pinMode(ledPin, OUTPUT);
}

void loop()
{
  digitalWrite(ledPin, HIGH);   // set the LED on
  delay(2000);                  // wait for two seconds
  digitalWrite(ledPin, LOW);    // set the LED off
  delay(2000);                  // wait for two seconds
}

ൺ
ൺ

ൺ

Discussion

1.5  Creating and Saving a Sketch | 13
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1.6  Using Arduino
Problem

Solution
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const int ledPin =  13;     // LED connected to digital pin 13
const int sensorPin = 0;    // connect sensor to analog input 0

void setup()
{
  pinMode(ledPin, OUTPUT);  // enable output on the led pin
}

void loop()
{
  int rate = analogRead(sensorPin);    // read the analog input
  Serial.println(rate);
  rate = map(rate, 200,800,minDuration, maxDuration); // convert to blink rate
  digitalWrite(ledPin, HIGH);   // set the LED on
  delay(rate);                  // wait duration dependent on light level
  digitalWrite(ledPin, LOW);    // set the LED off
  delay(rate);
}

Discussion

analogRead

map

const int ledPin =  13;     // LED connected to digital pin 13
const int sensorPin = 0;    // connect sensor to analog input 0

// the next two lines set the min and max delay between blinks
const int minDuration = 100;  // minimum wait between blinks
const int maxDuration = 1000;  // maximum wait between blinks

void setup()
{
  pinMode(ledPin, OUTPUT);  // enable output on the led pin
}

void loop()
{
  int rate = analogRead(sensorPin);    // read the analog input
  // the next line scales the blink rate between the min and max values
  rate = map(rate, 200,800,minDuration, maxDuration); // convert to blink rate
  digitalWrite(ledPin, HIGH);   // set the LED on
  delay(rate);                  // wait duration dependent on light level
  digitalWrite(ledPin, LOW);    // set the LED off
  delay(rate);
}

map
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const int ledPin =  13;     // LED connected to digital pin 13
const int sensorPin = 0;    // connect sensor to analog input 0

// the next two lines set the min and max delay between blinks
const int minDuration = 100;  // minimum wait between blinks
const int maxDuration = 1000;  // maximum wait between blinks

void setup()
{
  pinMode(ledPin, OUTPUT);  // enable output on the led pin
  Serial.begin(9600);       // initialize Serial
}

void loop()
{
  int rate = analogRead(sensorPin);    // read the analog input
  // the next line scales the blink rate between the min and max values
  rate = map(rate, 200,800,minDuration, maxDuration); // convert to blink rate
  Serial.println(rate);         // print rate to serial monitor
  digitalWrite(ledPin, HIGH);   // set the LED on
  delay(rate);                  // wait duration dependent on light level
  digitalWrite(ledPin, LOW);    // set the LED off
  delay(rate);
}

1.6  Using Arduino | 17



map

const int ledPin =  13;     // LED connected to digital pin 13
const int sensorPin = 0;    // connect sensor to analog input 0

const int minDuration = 100;  // minimum wait between blinks
const int maxDuration = 1000;  // maximum wait between blinks

void setup()
{
  pinMode(ledPin, OUTPUT);  // enable output on the led pin
}

void loop()
{
  int sensorReading = analogRead(sensorPin);    // read the analog input
  int rate = map(sensorReading, 200,800,minDuration, maxDuration);
  rate = rate / 100;            // add this line for audio frequency
  digitalWrite(ledPin, HIGH);   // set the LED on
  delay(rate);                  // wait duration dependent on light level
  digitalWrite(ledPin, LOW);    // set the LED off
  delay(rate);
}

See Also
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CHAPTER 2

Making the Sketch Do Your Bidding

2.0  Introduction

Serial.println(value);

pinMode(pin, mode);

digitalRead(pin);
HIGH LOW

digitalWrite(pin, value);
HIGH LOW
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2.1  Structuring an Arduino Program
Problem

Solution

setup
loop

const int ledPin =  13;    // LED connected to digital pin 13

 // The setup() method runs once, when the sketch starts
 void setup()
 {
   pinMode(ledPin, OUTPUT);      // initialize the digital pin as an output
 }

 // the loop() method runs over and over again,
 void loop()
 {
   digitalWrite(ledPin, HIGH);   // turn the LED on
   delay(1000);                  // wait a second
   digitalWrite(ledPin, LOW);    // turn the LED off
   delay(1000);                  // wait a second
 }

setup loop
loop } loop

Discussion
HIGH LOW

setup
setup loop

main()
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int main(void)
{
    init();

    setup();

    for (;;)
        loop();

    return 0;
}

init()
setup() loop()

for return

See Also

2.2  Using Simple Primitive Types (Variables)
Problem

Solution
int

Numeric types Bytes Range Use

int 2 -32768 to 32767 Represents positive and negative integer values.

unsigned int 2 0 to 65535 Represents only positive values; otherwise, similar to int.

long 4 -2147483648 to
2147483647

Represents a very large range of positive and negative values.

unsigned
long

4 4294967295 Represents a very large range of positive values.

2.2  Using Simple Primitive Types (Variables) | 21
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Numeric types Bytes Range Use

float 4 3.4028235E+38 to
-3.4028235E+38

Represents numbers with fractions; use to approximate real-
world measurements.

double 4 Same as float In Arduino, double is just another name for float.

boolean 1 false (0) or true (1) Represents true and false values.

char 1 -128 to 127 Represents a single character. Can also represent a signed value
between -128 and 127.

byte 1 0 to 255 Similar to char, but for unsigned values.

Other types

string Represents arrays of chars (characters) typically used to contain text.

void Used only in function declarations where no value is returned.

Discussion

int

int

signed unsigned unsigned
unsigned

unsigned
signed

unsigned

boolean true false
HIGH

LOW true false digital
Write(pin, HIGH) digitalWrite(pin,
true) digitalWrite(pin,1)

See Also
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2.3  Using Floating-Point Numbers
Problem

Solution

/*
 * Floating-point example
 * This sketch initialized a float value to 1.1
 * It repeatedly reduces the value by 0.1 until the value is 0
 */

float  value = 1.1;

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  value = value - 0.1;   // reduce value by 0.1 each time through the loop
  if( value == 0)
     Serial.println("The value is exactly zero");
  else if(fabs(value) <  .0001) // function to take the absolute value of a float
    Serial.println("The value is close enough to zero");
  else
    Serial.println(value);

  delay(100);
}

Discussion

1.00
0.90

2.3  Using Floating-Point Numbers | 23



0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
The value is close enough to zero
-0.10
-0.20

value 0.1
value
if (value == 0)

  else if(fabs(value) <  .0001)  // function to take absolute value of a float
    Serial.println("The value is close enough to zero");

value
fabs

float double double

float double

See Also
float
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2.4  Working with Groups of Values
Problem

Solution

/*
 array sketch
 an array of switches controls an array of LEDs
 see Chapter 5 for more on using switches
 see Chapter 7 for information on LEDs
 */

int inputPins[] = {2,3,4,5};  // create an array of pins for switch inputs

int ledPins[] = {10,11,12,13};  // create array of output pins for LEDs

void setup()
{
  for(int index = 0; index < 4; index++)
  {
    pinMode(ledPins[index], OUTPUT);         // declare LED as output
    pinMode(inputPins[index], INPUT);        // declare pushbutton as input
    digitalWrite(inputPins[index],HIGH);     // enable pull-up resistors
                                             //(see Recipe 5.2)
  }
}

void loop(){
  for(int index = 0; index < 4; index++)
  {
    int val = digitalRead(inputPins[i]);  // read input value
    if (val == LOW)                       // check if the switch is pressed
    {
      digitalWrite(ledPins[index], HIGH); // turn LED on if switch is pressed
    }
    else
    {
      digitalWrite(ledPins[i], LOW);      // turn LED off
    }
  }
}
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Discussion

int inputPins[] = {2,3,4,5};
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int array[4];

[]

element[0]

int firstElement = inputPin[0];  // this is the first element

Int lastElement = inputPin[3]; // this is the last element

array[3] array[0]

array[0],array[1],array[2],array[3]

for

for(int index = 0; index < 4; index++)
{
    //get the pin number by accessing each element in the pin arrays
    pinMode(ledPins[index], OUTPUT);         // declare LED as output
    pinMode(inputPins[index], INPUT);        // declare pushbutton as input
}

index

const int PIN_COUNT = 4;  // define a constant for the number of elements
int inputPins[PIN_COUNT] = {2,3,4,5};

  for(int index = 0; index < PIN_COUNT; index++)
    pinMode(inputPins[index], INPUT);

2.4  Working with Groups of Values | 27



See Also

2.5  Using Arduino String Functionality
Problem

Solution

String

String

String
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/*
  Basic_Strings sketch
 */

String text1 = "This string";
String text2 = " has more text";
String text3;  // to be assigned within the sketch

void setup()
{
  Serial.begin(9600);

  Serial.print( text1);
  Serial.print(" is ");
  Serial.print(text1.length());
  Serial.println(" characters long.");

  Serial.print("text2 is ");
  Serial.print(text2.length());
  Serial.println(" characters long.");

  text1.concat(text2);
  Serial.println("text1 now contains: ");
  Serial.println(text1);
}

void loop()
{
}

Discussion
String message anotherMessage

String
message.length()

message

message.concat(anotherMessage)
anotherMessage message concat

This string is 11 characters long.
text2 is 14 characters long.
text1 now contains:
This string has more text

setup

  text3 = text1 + " and more";
  Serial.println(text3);

2.5  Using Arduino String Functionality | 29



This is a string with more text and more

indexOf lastIndexOf

String

String
String

char oldString[] = "this is a character array";

String newString = "this is a string object";

String
String String

char oldString[] = "I want this character array in a String object";
String newsString = oldString;

See Also
String

2.6  Using C Character Strings
Problem

String

30 | Chapter 2:ಗMaking the Sketch Do Your Bidding
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Solution

char StringA[8];  // declare a string of up to 7 chars plus terminating null
char StringB[8] = "Arduino";   // as above and init(ialize) the string to
"Arduino";
char StringC[16] = "Arduino";  // as above, but string has room to grow
char StringD[ ] = "Arduino";   // the compiler inits the string
and calculates size

strlen

int length = strlen(string);  // return the number of characters in the string

length StringA
strlen

strcpy

strcpy(destination, source);   // copy string source to destination

strncpy

strncpy(destination, source, 6);   // copy up to 6 characters from source to
destination

strcat

strcat(destination, source);   // append source string to the end of the
destination string

strcmp

if(strcmp(str, "Arduino") == 0)
   // do something if the variable str is equal to "Arduino"

Discussion

2.6  Using C Character Strings | 31



See Also

2.7  Splitting Comma-Separated Text into Groups
Problem

Solution

/*
 * SplitSplit sketch
 * split a comma-separated string
 */

String  message= "Peter,Paul,Mary";  // an example string
int     commaPosition;  // the position of the next comma in the string

void setup()
{
  Serial.begin(9600);
}

void loop()
{

  Serial.println(message);          // show the source string
  do
  {
      commaPosition = message.indexOf(',');
      if(commaPosition != -1)
      {
          Serial.println( message.substring(0,commaPosition));
          message = message.substring(commaPosition+1, message.length());
      }
      else
      {  // here after the last comma is found
         if(message.length() > 0)
           Serial.println(message);  // if there is text after the last comma,
print it
      }
   }
   while(commaPosition >=0);
   delay(5000);
}

32 | Chapter 2:ಗMaking the Sketch Do Your Bidding
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Peter,Paul,Mary
Peter
Paul

Discussion
String

commaPosition = message.indexOf(',');

commaPosition String
message substring

message

message = message.substring(commaPosition+1, message.length());

substring commaPosition+1

commaIndex

/*
 * SplitSplit sketch
 * split a comma-separated string
 */

const int  MAX_STRING_LEN = 20; // set this to the largest string you'll process
char stringList[] = "Peter,Paul,Mary";  // an example string

char stringBuffer[MAX_STRING_LEN+1];   // a static buffer for computation and
output

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  char *str;
  char *p;
  strncpy(stringBuffer, stringList, MAX_STRING_LEN); // copy source string
  Serial.println(stringBuffer);                      // show the source string
  for( str = strtok_r(stringBuffer, ",", &p);        // split using comma
       str;                                          // loop while str is not null
       str = strtok_r(NULL, ",", &p)                 // get subsequent tokens
     )

2.7  Splitting Comma-Separated Text into Groups | 33



  {
    Serial.println(str);
    if(strcmp(str, "Paul") == 0)
      Serial.println("found Paul");
  }
    delay(5000);
}

strtok_r
strtok

strtok_r
strtok_r

NULL
"Paul"

See Also
strtok_r strcmp

2.8  Converting a Number to a String
Problem

Solution
String

String myNumber = 1234;

int value = 127
String myReadout = "The reading was ";
myReadout.concat(value);

int value = 127;
String myReadout = "The reading was ";
myReadout += value;
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Discussion

String
String

concat +

+

number 13

    int number = 12;
    number += 1;

String

    String textNumber = 12
    textNumber += 1;

textNumber "121"

String
itoa ltoa itoa

ltoa String
itoa ltoa

ltoa

/*
 * NumberToString
 * Creates a string from a given number
*/

void setup()
{
  Serial.begin(9600);
}

char buffer[12];  // long data type has 11 characters (including the
                  // minus sign) and a terminating null

2.8  Converting a Number to a String | 35



void loop()
{
long value = 12345;
  ltoa(value, buffer, 10);
  Serial.print( value);
  Serial.print(" has  ");
  Serial.print(strlen(buffer));
  Serial.println(" digits");
  value = 123456789;
  ltoa(value, buffer, 10);
  Serial.print( value);
  Serial.print(" has  ");
  Serial.print(strlen(buffer));
  Serial.println(" digits");
  delay(1000);
}

ltoa

2.9  Converting a String to a Number
Problem

Solution

atoi int atol long

int   blinkRate;     // blink rate stored in this variable
char strValue[6];    // must be big enough to hold all the digits and the
                     // 0 that terminates the string
int index = 0;       // the index into the array storing the received digits
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void loop()
{
  if( Serial.available())
  {
    char ch = Serial.read();
    if(index < 5 && ch >= '0' && ch <= '9'){
      strValue[index++] = ch; // add the ASCII character to the string;
    }
    else
    {
      // here when buffer full or on the first non digit
      strValue[index] = 0;        // terminate the string with a 0
      blinkRate = atoi(strValue);  // use atoi to convert the string to an int
      index = 0;
    }
  }
  blink();
}

Discussion
atoi int atol long

strValue
char strValue[6]

Serial.read
atoi

blinkRate

blink blinkRate blink

String

See Also
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2.10  Structuring Your Code into Functional Blocks
Problem

Solution

setup loop

void

// blink an LED once
void blink1()
{
   digitalWrite(13,HIGH);   // turn the LED on
   delay(500);              // wait 500 milliseconds
   digitalWrite(13,LOW);    // turn the LED off
   delay(500);              // wait 500 milliseconds
}

count

// blink an LED the number of times given in the count parameter
void blink2(int count)
{
  while(count > 0 )  // repeat until count is no longer greater than zero
  {
    digitalWrite(13,HIGH);
    delay(500);
    digitalWrite(13,LOW);
    delay(500);
    count = count -1; // decrement count
  }
}

count 0
count count

0
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/*
  blink3 sketch
  demonstrates calling a function with a parameter and returning a value
  uses the same wiring as the pull-up sketch from Recipe 5.2
  The LED flashes when the program starts
  and stops when a switch connected to pin 2 is pressed
  the program prints the number of times the LED flashes.
 */

const int ledPin = 13;          // output pin for the LED
const int inputPin = 2;         // input pin for the switch

void setup() {
  pinMode(ledPin, OUTPUT);
  pinMode(inputPin, INPUT);
  digitalWrite(inputPin,HIGH); // use internal pull-up resistor (Recipe 5.2)
  Serial.begin(9600);
}

void loop(){
  Serial.println("Press and hold the switch to stop blinking");
  int count = blink3(250); // blink the LED 250ms on and 250ms off
  Serial.print("The number of times the switch blinked was ");
  Serial.println(count);
}

// blink an LED using the given delay period
// return the number of times the LED flashed
int blink3(int period)
{
  int result = 0;
  int switchVal = HIGH; //with pull-ups, this will be high when switch is up

  while(switchVal == HIGH)  // repeat this loop until switch is pressed
                            // (it will go low when pressed)
  {
    digitalWrite(13,HIGH);
    delay(period);
    digitalWrite(13,LOW);
    delay(period);
    result = result + 1; // increment the count
    switchVal = digitalRead(inputPin);  // read input value
  }
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  // here when switchVal is no longer HIGH because the switch is pressed
  return result;  // this value will be returned
}

Discussion

blink1

void blink1()
{
   // implementation code goes here...
}

blink2

void blink2(int count)
{
   // implementation code goes here...
}

blink3

int blink3(int period)
{
   // implementation code goes here...
}

void

int sensorPercent(int pin)
{
int percent;

  val = analogRead(pin);  // read the sensor (ranges from 0 to 1023)
  percent = map(val,0,1023,0,100); // percent will range from 0 to 100.
  return percent;
}

sensorPercent
analogRead map

int

int
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sensorPercent pin pin

percent
percent

   return percent;

int sensorPercent(int pin)
{
  val = analogRead(pin);  // read the sensor (ranges from 0 to 1023)
  return map(val,0,1023,0,100); // percent will ranges from 0 to 100.
}

// print the percent value of 6 analog pins
for(int sensorPin = 0; sensorPin < 6; sensorPin++)
{
  Serial.print("Percent of sensor on pin ");
  Serial.print(sensorPin);
  Serial.print(" is ");
  int val = sensorPercent(sensorPin);
  Serial.print(val);
}

See Also

2.11  Returning More Than One Value from a Function
Problem
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Solution

/*
  swap sketch
  demonstrates changing two values using global variables
 */

int x; // x and y are global variables
int y;

void setup() {
  Serial.begin(9600);
}

void loop(){
   x = random(10); // pick some random numbers
   y = random(10);

  Serial.print("The value of x and y before swapping are: ");
  Serial.print(x); Serial.print(","); Serial.println(y);
  swap();

  Serial.print("The value of x and y after swapping are: ");
  Serial.print(x); Serial.print(","); Serial.println(y);Serial.println();

  delay(1000);
}

// swap the two global values
void swap()
{
  int temp;
  temp = x;
  x = y;
  y = temp;
}

swap

/*
  functionReferences sketch
  demonstrates returning more than one value by passing references
 */
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void swap(int &value1, int &value2); // functions with references must be
declared before use

void setup() {
  Serial.begin(9600);
}

void loop(){
  int x = random(10); // pick some random numbers
  int y = random(10);

  Serial.print("The value of x and y before swapping are: ");
  Serial.print(x); Serial.print(","); Serial.println(y);
  swap(x,y);

  Serial.print("The value of x and y after swapping are: ");
  Serial.print(x); Serial.print(","); Serial.println(y);Serial.println();

  delay(1000);
}

// swap the two given values
void swap(int &value1, int &value2)
{
  int temp;
  temp = value1;
  value1 = value2;
  value2 = temp;
}

Discussion
swap

&

void swap(int value1, int value2); // functions with references must be declared
before use
...

void swap(int value1, int value2)
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setup

2.12  Taking Actions Based on Conditions
Problem

Solution

/*
   Pushbutton sketch
   a switch connected to pin 2 lights the LED on pin 13
*/

const int ledPin = 13;            // choose the pin for the LED
const int inputPin = 2;           // choose the input pin (for a pushbutton)

void setup() {
  pinMode(ledPin, OUTPUT);         // declare LED pin as output
  pinMode(inputPin, INPUT);        // declare pushbutton pin as input
}

void loop(){
  int val = digitalRead(inputPin);  // read input value
  if (val == HIGH)                  // check if the input is HIGH
  {
    digitalWrite(ledPin, HIGH);     // turn LED on if switch is pressed
  }
}

Discussion
if digitalRead if
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val == HIGH if

if...else

/*
   Pushbutton sketch
   a switch connected to pin 2 lights the LED on pin 13
*/

const int ledPin = 13;            // choose the pin for the LED
const int inputPin = 2;           // choose the input pin (for a pushbutton)

void setup() {
  pinMode(ledPin, OUTPUT);         // declare LED pin as output
  pinMode(inputPin, INPUT);        // declare pushbutton pin as input
}

void loop(){
  int val = digitalRead(inputPin);  // read input value
  if (val == HIGH)                  // check if the input is HIGH
  {
    // do this if val is HIGH
    digitalWrite(ledPin, HIGH);     // turn LED on if switch is pressed
  }
  else
  {
    // else do this if val is not HIGH
    digitalWrite(ledPin, LOW);      // turn LED off
  }
}

See Also

2.13  Repeating a Sequence of Statements
Problem
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Solution
while

while(analogRead(sensorPin) > 100)
{
   flashLED();             // call a function to turn an LED on and off
}

{}
analogRead

{}

Discussion

while(analogRead(sensorPin) > 100)
   flashLED();   // line immediately following the loop expression is executed
   Serial.print(analogRead(sensorPin)); // this is not executed until after
                                        // the while loop finishes!!!

do...while while

do
{
   flashLED();  // call a function to turn an LED on and off
}
while (analogRead(sensorPin) > 100);
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See Also

2.14  Repeating Statements with a Counter
Problem

for
while

Solution
i for

/*
   ForLoop sketch
   demonstrates for loop
*/

void setup() {
  Serial.begin(9600);}

void loop(){
  Serial.println("for(int i=0; i < 4; i++)");
  for(int i=0; i < 4; i++)
  {
    Serial.println(i);
  }
}

for(int i=0; i < 4; i++)
0
1
2
3

Discussion
for

int i=0;
i 0 i < 4; i++ i
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for
j

  int j;

  Serial.println("for(j=0; j < 4; j++ )");
  for(j=0; j < 4; j++ )
  {
    Serial.println(j);
  }

int
j

for(j=0; i < 4; i++)
0
1
2
3

j

  int j = 1;

  Serial.println("for(   ; j < 4; j++ )");
  for(  ; j < 4; j++ )
  {
    Serial.println(j);
  }

for(  ; j < 4; j++)
1
2
3

  Serial.println("for(int i=0; i <= 4; i++)");
  for(int i=0; i <= 4; i++)
  {
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    Serial.println(i);
  }

for

i

  Serial.println("for(int i=0; i < 4; i+= 2)");
  for(int i=0; i < 4; i+=2)
  {
    Serial.println(i);
  }

  Serial.println("for(int i=3; i > = 0 ; i--)");
  for(int i=3; i > = 0 ; i--)
  {
    Serial.println(i);
  }

for

i for
i if Serial.print

  Serial.println("for(int i=0; i < 4; )");
  for(int i=0; i < 4; )
  {
    Serial.println(i);
    if(digitalRead(inPin) == HIGH);
      i++;  // only increment the value if the input is high
  }

See Also
for

2.15  Breaking Out of Loops
Problem

Solution

while(analogRead(sensorPin) > 100)
{
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   if(digitalRead(switchPin) == HIGH)
   {
      break;   //exit the loop if the switch is pressed
   }
   flashLED();             // call a function to turn an LED on and off
}

Discussion
while break

while

See Also
break

2.16  Taking a Variety of Actions Based on a Single Variable
Problem

if
else if

Solution
switch

if else if

/*
 * SwitchCase sketch
 * example showing switch statement by switching on chars from the serial port
 *
 * sending the character 1 blinks the LED once, sending 2 blinks twice
 * sending + turns the LED on, sending - turns it off
 * any other character prints a message to the Serial Monitor
 */
const int ledPin = 13; // the pin the LED is connected to

void setup()
{
  Serial.begin(9600); // Initialize serial port to send and receive at 9600 baud
  pinMode(13, OUTPUT);
}

void loop()
{
  if ( Serial.available()) // Check to see if at least one character is available
  {
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    char ch = Serial.read();
    switch(ch)
    {
    case '1':
      blink();
      break;
    case '2':
      blink();
      blink();
      break;
    case '+':
      digitalWrite(ledPin,HIGH);
      break;
    case '-':
      digitalWrite(ledPin,LOW);
      break;
    default :
      Serial.print(ch);
      Serial.println(" was received but not expected");
      break;
    }
  }
}

void blink()
{
  digitalWrite(ledPin,HIGH);
  delay(500);
  digitalWrite(ledPin,LOW);
  delay(500);
}

Discussion
switch ch

case
break

    case '1':
      blink();   // no break statement before the next label
    case '2':
      blink();   // case '1' will continue here
      blink();
      break;     // break statement will exit the switch expression

break case '1':
ch 1 blink

break
break
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switch
break

default: case
default switch

See Also
switch case

2.17  Comparing Character and Numeric Values
Problem

Solution

Operator Test for Example

== Equal to 2 == 3 // evaluates to false

!= Not equal to 2 != 3 // evaluates to true

> Greater than 2 > 3 // evaluates to false

< Less than 2 < 3 // evaluates to true

>= Greater than or equal to 2 >= 3 // evaluates to false

<= Less than or equal to 2 <= 3 // evaluates to true

/*
 * RelationalExpressions sketch
 * demonstrates comparing values
 */

int i = 1;  // some values to start with
int j = 2;

void setup() {
  Serial.begin(9600);
}
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void loop(){
  Serial.print("i = ");
  Serial.print(i);
  Serial.print(" and j = ");
  Serial.println(j);

  if(i < j)
    Serial.println(" i is less than j");
  if(i <= j)
    Serial.println(" i is less than or equal to j");
  if(i != j)
    Serial.println(" i is not equal to j");
  if(i == j)
    Serial.println(" i is equal to j");
  if(i >= j)
    Serial.println(" i is greater than or equal to j");
  if(i > j)
    Serial.println(" i is greater than j");

  Serial.println();
  i = i + 1;
  if(i > j + 1)
    delay(10000);  // long delay after i is no longer close to j
}

i = 1 and j = 2
 i is less than j
 i is less than or equal to j
 i is not equal to j

i = 2 and j = 2
 i is less than or equal to j
 i is equal to j
 i is greater than or equal to j

i = 3 and j = 2
 i is not equal to j
 i is greater than or equal to j
 i is greater than j

Discussion
==

i

  if(i == 3)  // test if i equals 3

  if(i = 3)  // single equals sign used by mistake!!!!
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true i 3

  if(3 = i)  // single equals sign used by mistake!!!!

See Also

2.18  Comparing Strings
Problem

Solution
strcmp

  char String1[ ] = "left";
  char String2[ ] = "right";

  if(strcmp(String1, String2) == 0)
     Serial.print("strings are equal)

Discussion
strcmp 0
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  strcmp("left", "leftcenter") == 0)  // this will evaluate to false

strncmp
strncmp

  strncmp("left", "leftcenter", 4) == 0)  // this will evaluate to true

See Also
strcmp

2.19  Performing Logical Comparisons
Problem

if

Solution

Symbol Function Comments

&& Logical And Evaluates as true if the condition on both sides of the && operator are true

|| Logical Or Evaluates as true if the condition on at least one side of the || operator is true

! Not Evaluates as true if the expression is false, and false if the expression is true

Discussion

&& true
false || true

false !
false true
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2.20  Performing Bitwise Operations
Problem

Solution

Symbol Function Comment Example

& Bitwise And Sets bits in each place to 1 if both bits are 1; otherwise,
bits are set to 0.

3 & 1 equals 1

(11 & 01 equals 01)

| Bitwise Or Sets bits in each place to 1 if either bit is 1. 3 | 1 equals 3

(11 | 01 equals 11)

^ Bitwise Exclusive
Or

Sets bits in each place to 1 only if one of the two bits
is 1.

3 ^ 1 equals 2

(11 ^ 01 equals 10)

~ Bitwise Negation Inverts the value of each bit. The result depends on the
number of bits in the data type.

~1 equals 254

(~00000001 equals 11111110)

/*
 * bits sketch
 * demonstrates bitwise operators
 */

void setup() {
  Serial.begin(9600);
}

void loop(){
  Serial.print("3 & 1 equals "); // bitwise And 3 and 1
  Serial.print(3 & 1);         // print the result
  Serial.print(" decimal, or in binary: ");
  Serial.println(3 & 1 , BIN);   // print the binary representation of the result

  Serial.print("3 | 1 equals "); // bitwise Or 3 and 1
  Serial.print(3 | 1 );
  Serial.print(" decimal, or in binary: ");
  Serial.println(3 | 1 , BIN);   // print the binary representation of the result

  Serial.print("3 ^ 1 equals "); // bitwise exclusive or 3 and 1
  Serial.print(3 ^ 1);
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  Serial.print(" decimal, or in binary: ");
  Serial.println(3 ^ 1 , BIN);   // print the binary representation of the result

  byte byteVal = 1;
  int intVal = 1;

  byteVal = ~byteVal;  // do the bitwise negate
  intVal = ~intVal;

  Serial.print("~byteVal (1) equals "); // bitwise negate an 8 bit value
  Serial.println(byteVal, BIN);  // print the binary representation of the result
  Serial.print("~intVal (1) equals "); // bitwise negate a 16 bit value
  Serial.println(intVal, BIN);   // print the binary representation of the result

  delay(10000);
}

3 & 1 equals 1 decimal, or in binary: 1
3 | 1 equals 3 decimal, or in binary: 11
3 ^ 1 equals 2 decimal, or in binary: 10
~byteVal (1) equals 11111110
~intVal (1) equals 11111111111111111111111111111110

Discussion

11 &
01

Bit 1 Bit 2 Bit 1 and Bit 2

0 0 0

0 1 0

1 0 0

1 1 1
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Bit 1 Bit 2 Bit 1 or Bit 2

0 0 0

0 1 1

1 0 1

1 1 1

Bit 1 Bit 2 Bit 1 ^ Bit 2

0 0 0

0 1 1

1 0 1

1 1 0

byte
int

See Also

2.21  Combining Operations and Assignment
Problem

a += b a >>= b a &= b

Solution
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Operator Example Equivalent expression

+= Value += 5; Value = Value + 5; // add 5 to Value

-= Value -= 4; Value = Value - 4; // subtract 4 from Value

*= Value *= 3; Value = Value * 3; // multiply Value by 3

/= Value /= 2; Value = Value / 2; // divide Value by 2

>>= Value >>= 2; Value = Value >> 2; // shift Value right two places

<<= Value <<= 2; Value = Value << 2; // shift Value left two places

&= Mask &= 2; Mask = Mask & 2; // binary and Mask with 2

|= Mask |= 2; Mask = Mask | 2; // binary or Mask with 2

Discussion

See Also
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CHAPTER 3

Using Mathematical Operators

3.0  Introduction

3.1  Adding, Subtracting, Multiplying, and Dividing
Problem

Solution

int myValue;
myValue = 1 + 2;  // addition
myValue = 3 - 2;  // subtraction
myValue = 3 * 2;  // multiplication
myValue = 3 / 2;  // division (the result is 1)

Discussion

61



myValue

int value =   1 + 2 * 3 + 4;

int value = 1 + (2 * 3) + 4;

  int value =   ((1 + 2) * 3) + 4;

See Also

3.2  Incrementing and Decrementing Values
Problem

Solution

int myValue = 0;

myValue = myvalue + 1;  // this adds one to the variable myValue
myValue += 1;           // this does the same as the above

myValue = myvalue - 1;  // this subtracts one from the variable myValue
myValue -= 1;           // this does the same as the above

myValue = myvalue + 5;  // this adds five to the variable myValue
myValue += 5;           // this does the same as the above
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Discussion

myValue = myvalue + 1;  // this adds one to the variable myValue

myValue += 1;           // this does the same as the above

See Also

3.3  Finding the Remainder After Dividing Two Values
Problem

Solution
%

int myValue0 =  20 % 10;  // get the modulus(remainder) of 20 divided by 10
int myValue1 =  21 % 10;  // get the modulus(remainder) of 21 divided by 10

myValue0 0 myValue1 1

Discussion

int myValue;
//... code here to set the value of myValue
if( myValue % 10 == 0)
{
  Serial.println("The value is a multiple of 10";
}

myValue
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int myValue;
//... code here to set the value of myValue
if( myValue % 2 == 0)
{
  Serial.println("The value is even";
}
else
{
  Serial.println("The value is odd";
}

int dayCount;

int day = dayCount % 7;
if( day == 0)
{
  Serial.println("This is the first day of the week");
}

See Also
%

3.4  Determining the Absolute Value
Problem

Solution
abs(x) x

analogRead()

int x = analogRead(0);
int y = analogRead(1);

if(abs(x-y) > 10)
{
  Serial.println("The analog values differ by more than 10");
}
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Discussion
abs(x-y); x y

long

See Also
abs

3.5  Constraining a Number to a Range of Values
Problem

Solution
constrain(x, min, max) min max

myConstrainedValue  = constrain(myValue, 100, 200);

Discussion
myConstrainedValue

myValue

min max

myValue (the input value) constrain(myValue, 100, 200)

99 100

100 100

150 150

200 200

201 200

See Also
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3.6  Finding the Minimum or Maximum of Some Values
Problem

Solution
min(x,y) max(x,y)

myValue = analogRead(0);
myMinValue = min(myValue, 200);  // myMinValue will be the smaller of
                                 // myVal or 200

myMaxValue = max(myValue, 100);  // myMaxValue will be the larger of
                                 // myVal or 100

Discussion
min

myValue

myValue (the input value) Min(myValue, 200)

99 99

100 100

150 150

200 200

201 200

max
myValue

myValue (the input value) Max(myValue, 200)

99 100

100 100

150 150

200 200

201 201
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min

min

max max

min max

// myMinValue will be the smaller of the three analog readings:
int myMinValue = min(analogRead(0), min(analogRead(1), analogRead(2)) );

int myMaxValue = max(analogRead(0), max(analogRead(1), max(analogRead(2),
                                                             analogRead(3))));

See Also

3.7  Raising a Number to a Power
Problem

Solution
pow(x, y) x y

myValue =  pow(3,2);

myValue

Discussion
pow

Serial.print(pow(3,2)); // this prints 9.00
int z = pow(3,2);
Serial.println(z);      // this prints 9

9.00 9
print
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pow

  float s = pow(2, 1.0 / 12); // the twelfth root of two

s

3.8  Taking the Square Root
Problem

Solution
sqrt(x) x

Serial.print( sqrt(9) ); // this prints 3.00

Discussion
sqrt pow

3.9  Rounding Floating-Point Numbers Up and Down
Problem

floor
ceil

Solution
floor(x) x ceil(x)

x

Discussion
floor

ceil

floor

  Serial.println( floor(1) );    // this prints  1.00
  Serial.println( floor(1.1) );  // this prints  1.00
  Serial.println( floor(0) );    // this prints  0.00
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  Serial.println( floor(.1) );   // this prints  0.00
  Serial.println( floor(-1) );   // this prints -1.00
  Serial.println( floor(-1.1) ); // this prints -2.00

ceil

  Serial.println( ceil(1) );     // this prints  1.00
  Serial.println( ceil(1.1) );   // this prints  2.00
  Serial.println( ceil(0) );     // this prints  0.00
  Serial.println( ceil(.1) );    // this prints  1.00
  Serial.println( ceil(-1) );    // this prints -1.00
  Serial.println( ceil(-1.1) );  // this prints -1.00

int
int

floor ceil

3.10  Using Trigonometric Functions
Problem

Solution
sin(x) x cos(x) x tan(x)

x

Discussion

  float deg = 30;                 // angle in degrees
  float rad  = deg * PI / 180;    // convert to radians
  Serial.println(rad);            // print the radians
  Serial.println sin(rad));       // print the sine
  Serial.println (cos(rad));      // print the cosine

0.52   30 degrees is 0.5235988 radians, print only shows two decimal places
0.50   sine of 30 degrees is .5000000, displayed here to two decimal places
0.87   cosine is .8660254, which rounds up to 0.87
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Serial.print

PI
π PI 180

rad = deg * DEG_TO_RAD;  // a way to convert degrees to radians
deg = rad * RAD_TO_DEG;  // a way to convert radians to degrees

deg * DEG_TO_RAD deg * PI / 180
PI / 180

PI
DEG_TO_RAD

See Also
sin cos

tan

3.11  Generating Random Numbers
Problem

Solution
random random

random(max);      // returns a random number between 0 and max -1

random

random(min, max); // returns a random number between min and max -1

Discussion

randomSeed(seed)
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randomSeed(1234);  // change the starting sequence of random numbers.

// Random
// demonstrates generating random numbers

int randNumber;

void setup()
{
  Serial.begin(9600);

  // Print random numbers with no seed value
  Serial.println("Print 20 random numbers between 0 and 9");
  for(int i=0; i < 20; i++)
  {
    randNumber = random(10);
    Serial.print(randNumber);
    Serial.print(" ");
  }
  Serial.println();
  Serial.println("Print 20 random numbers between 2 and 9");
  for(int i=0; i < 20; i++)
  {
    randNumber = random(2,10);
    Serial.print(randNumber);
    Serial.print(" ");
  }

  // Print random numbers with the same seed value each time
  randomSeed(1234);
  Serial.println();
  Serial.println("Print 20 random numbers between 0 and 9 after constant seed ");
  for(int i=0; i < 20; i++)
  {
    randNumber = random(10);
    Serial.print(randNumber);
    Serial.print(" ");
  }

  // Print random numbers with a different seed value each time
  randomSeed(analogRead(0));  // read from an analog port with nothing connected
  Serial.println();
  Serial.println("Print 20 random numbers between 0 and 9 after floating seed ");
  for(int i=0; i < 20; i++)
  {
    randNumber = random(10);
    Serial.print(randNumber);
    Serial.print(" ");
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  }
  Serial.println();
  Serial.println();
}

void loop()
{
}

Print 20 random numbers between 0 and 9
7 9 3 8 0 2 4 8 3 9 0 5 2 2 7 3 7 9 0 2
Print 20 random numbers between 2 and 9
9 3 7 7 2 7 5 8 2 9 3 4 2 5 4 3 5 7 5 7
Print 20 random numbers between 0 and 9 after constant seed
8 2 8 7 1 8 0 3 6 5 9 0 3 4 3 1 2 3 9 4
Print 20 random numbers between 0 and 9 after floating seed
0 9 7 4 4 7 7 4 4 9 1 6 0 2 3 1 5 9 1 1

randomSeed
analogRead

See Also
random

randomSeed

3.12  Setting and Reading Bits
Problem

Solution

bitSet(x, bitPosition) bitPosition x

bitClear(x, bitPosition) bitPosition x

bitRead(x, bitPosition)
bitPosition x

bitWrite(x, bitPosition, value)
bitPosition x

bit(bitPosition) bit(0) bit(1)
bit(2)

72 | Chapter 3:ಗUsing Mathematical Operators

D
ow
nl
oa
d  
fr
om
  W
ow
!  e
Bo
ok
  <
w
w
w
.w
ow
eb
oo
k.
co
m
>

http://www.arduino.cc/en/Reference/Random
http://arduino.cc/en/Reference/RandomSeed


bitPosition 0

flags

// bitFunctions
// demonstrates using the bit functions

byte flags = 0; // these examples set, clear or read bits in a variable called flags.

// bitSet example
void setFlag( int flagNumber)
{
   bitSet(flags, flagNumber);
}

// bitClear example
void  clearFlag( int flagNumber)
{
   bitClear(flags, flagNumber);
}

// bitPosition example

int  getFlag( int flagNumber)
{
   return  bitRead(flags, flagNumber);
}

void setup()
{
  Serial.begin(9600);
}

void loop()
{
    showFlags();
    setFlag(2);  // set some flags;
    setFlag(5);
    showFlags();
    clearFlag(2);
    showFlags();

    delay(10000); // wait a very long time
}

// reports flags that are set
void showFlags()
{
    for(int flag=0; flag < 8; flag++)
    {
      if(getFlag(flag) == true)
         Serial.print("* bit set for flag ");
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      else
         Serial.print("bit clear for flag ");

      Serial.println(flag);
    }
    Serial.println();
}

bit clear for flag 0
bit clear for flag 1
bit clear for flag 2
bit clear for flag 3
bit clear for flag 4
bit clear for flag 5
bit clear for flag 6
bit clear for flag 7

bit clear for flag 0
bit clear for flag 1
* bit set for flag 2
bit clear for flag 3
bit clear for flag 4
* bit set for flag 5
bit clear for flag 6
bit clear for flag 7

bit clear for flag 0
bit clear for flag 1
bit clear for flag 2
bit clear for flag 3
bit clear for flag 4
* bit set for flag 5
bit clear for flag 6
bit clear for flag 7

Discussion

true HIGH false LOW
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bitRead
bitSet bitClear

flags

bitRead(2, 1); // returns 1 because 2 is binary 10 and the bit in position 1
is 1
bitRead(4, 1); // returns 0 because 4 is binary 100 and the bit in position 1
is 0

bit

bit(0)  is equal to 1;
bit(1)  is equal to 2;
bit(2)  is equql to 4;
...
bit(7)  is equal to 128

See Also

lowByte

highByte

bitRead

bitWrite

bitSet

bitClear

bit

3.13  Shifting Bits
Problem

byte int long
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Solution
<< >>

Discussion
x

12
3

int x = 6;
int result = x << 1;  // 6  shifted left 1 is 12
Serial.println(result);
int result = x >> 2;   // 12 shifted right 2 is 3;
Serial.println(result);

x << 1 x * 2

x << 2 x * 4

x << 3 x * 8

x >> 1 x / 2

x >> 2 x / 4

x >> 3 x / 8

int c = (a << 1) + (b >> 2); //add (a times 2) plus ( b divided by 4)

(a << 1) + (b >> 2); (a * 2) + (b / 4);

See Also
lowByte highByte bitRead bitWrite

bitSet bitClear bit
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3.14  Extracting High and Low Bytes in an int or long
Problem

Solution
lowByte(i) highByte(i)

//ByteOperators

int intValue = 258; // 258 in hexadecimal notation is 0x102

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  int loWord,hiWord;
  byte loByte, hiByte;

  hiByte = highByte(intValue);
  loByte = lowByte(intValue);

  Serial.println(intValue,DEC);
  Serial.println(intValue,HEX);
  Serial.println(loByte,DEC);
  Serial.println(hiByte,DEC);

  delay(10000); // wait a very long time
}

Discussion
intValue

258     // the integer value to be converted
102     // the value in hexadecimal notation
2       // the low byte
1       // the high byte

long
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long

#define highWord(w) ((w) >> 16)
#define lowWord(w) ((w) & 0xffff)

hiWord
lowWord

int

  loword = lowWord(longValue);
  hiword = highWord(longValue);
  Serial.println(loword,DEC);
  Serial.println(hiword,DEC);

772   // 772 is 0x0304 in hexadecimal
258   // 258 is 0x0102 in hexadecimal

longValue 0x1020304

See Also
lowByte highByte bitRead bitWrite

bitSet bitClear bit

3.15  Forming an int or long from High and Low Bytes
Problem

int long
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Solution
word(h,l)

//ByteOperators

int intValue = 0x102;  // 258

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  int loWord,hiWord;
  byte loByte, hiByte;

  hiByte = highByte(intValue);
  loByte = lowByte(intValue);

  Serial.println(intValue,DEC);
  Serial.println(loByte,DEC);
  Serial.println(hiByte,DEC);

  loWord = word(hiByte, loByte);   // convert the bytes back into a word
  Serial.println(loWord,DEC);
  delay(10000); // wait a very long time
}

Discussion
word(high,low)

258
2
1
258

makeLong()

#define makeLong(hi, low)  ((hi) << 16 & (low))
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#define makeLong(hi, low)  (((long) hi) << 16 | (low))
#define highWord(w) ((w) >> 16)
#define lowWord(w) ((w) & 0xffff)

// declare a value to test
long longValue = 0x1020304;  // in decimal: 16909060
                             // in binary : 00000001 00000010 00000011 00000100

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  int loWord,hiWord;

  Serial.println(longValue,DEC);  // this prints  16909060
  loWord = lowWord(longValue);    // convert long to two words
  hiWord = highWord(longValue);
  Serial.println(loWord,DEC);     // print the value 772
  Serial.println(hiWord,DEC);     // print the value 258
  longValue = makeLong( hiWord, loWord);  // convert the words back to a long
  Serial.println(longValue,DEC);  // this again prints  16909060

  delay(10000); // wait a very long time
}

16909060
772
258
16909060

See Also
lowByte highByte bitRead bitWrite

bitSet bitClear bit
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CHAPTER 4

Serial Communications

4.0  Introduction

81



Serial Hardware
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Port name Transmit pin Receive pin

Serial 1 (also USB) 0 (also USB)

Serial1 18 19

Serial2 16 17

Serial3 14 15
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Software Serial

Serial Message Protocol
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The Processing Development Environment

ൺ ൺ ൺ ൺ

See Also
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4.1  Sending Debug Information from Arduino to
Your Computer
Problem

Solution

/*
 * SerialOutput sketch
 * Print numbers to the serial port
*/
void setup()
{
  Serial.begin(9600); // send and receive at 9600 baud
}

int number = 0;

void loop()
{
  Serial.print("The number is ");
  Serial.println(number);    // print the number

  delay(500); // delay half second between numbers
  number++; // to the next number
}

The number is 0
The number is 1
The number is 2

Discussion
Serial.begin(9600)

setup() Serial.print()
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Serial.begin()

    `3??f<ÌxÌႠႠႠü`³??f<

Serial.begin()

ൺ
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Serial.print()

Serial.print("The number is ");

The number is

number 1

Serial.println(number);

1

0
ln println
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println

See Also

4.2  Sending Formatted Text and Numeric Data from Arduino
Problem

Solution

/*
 * SerialFormatting
 * Print values in various formats to the serial port
*/
char chrValue = 65;  // these are the starting values to print
int intValue  = 65;
float floatValue = 65.0;

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  Serial.println("chrValue: ");
  Serial.println(chrValue);
  Serial.println(chrValue,BYTE);
  Serial.println(chrValue,DEC);
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  Serial.println("intValue: ");
  Serial.println(intValue);
  Serial.println(intValue,BYTE);
  Serial.println(intValue,DEC);
  Serial.println(intValue,HEX);
  Serial.println(intValue,OCT);
  Serial.println(intValue,BIN);

  Serial.println("floatValue: ");
  Serial.println(floatValue);

  delay(1000); // delay a second between numbers
  chrValue++;  // to the next value
  intValue++;
}

chrValue: A  A 65
intValue: 65 A 65 41 101 1000001
floatValue: 65.00

chrValue: B  B 66
intValue: 66 B 66 42 102 1000010

Discussion
Serial.print("hello world");

Serial.println() Serial.print()

char
int

char asciiValue = 'A';   // ASCII A has a value of 65
char chrValue = 65;      // an 8 bit character, this also is ASCII 'A'
int intValue = 65;       // a 16 bit integer set to a value of 65
float floatValue = 65.0; // float with a value of 65
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Data type

Print

(val)

Print

(val,DEC)

Print

(val,BYTE)

Print

(val,HEX)

Print

(val,OCT)

Print

(val,BIN)

char A 65 A 41 101 1000001

int 65 65 A 41 101 1000001

long Format of long is the same as int

float 65.00 Formatting not supported for floating-point values

double 65.00 double is the same as float

At 5 seconds: speed = 17, distance = 120

Serial.print("At ");
Serial.print(seconds);
Serial.print(" seconds: speed = ");
Serial.print(speed);
Serial.print(", distance = ");
Serial.println(distance);

Serial.print("At "); Serial.print(seconds); Serial.print(" seconds, speed = ");
Serial.print(speed); Serial.print(", distance = ");Serial.println(distance);

Serial << "At " << seconds << " seconds, speed = " << speed << ", distance =
" << distance;

See Also
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4.3  Receiving Serial Data in Arduino
Problem

Solution
Serial

/*
 * SerialReceive sketch
 * Blink the LED at a rate proportional to the received digit value
*/
const int ledPin = 13; // pin the LED is connected to
int   blinkRate=0;     // blink rate stored in this variable

void setup()
{
  Serial.begin(9600); // Initialize serial port to send and receive at 9600 baud
  pinMode(ledPin, OUTPUT); // set this pin as output
}

void loop()
{
  if ( Serial.available()) // Check to see if at least one character is available
  {
    char ch = Serial.read();
    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
    {
       blinkRate = (ch - '0');      // ASCII value converted to numeric value
       blinkRate = blinkRate * 100; // actual blinkrate is 100 mS times received
digit
    }
  }
  blink();
}

// blink the LED with the on and off times determined by blinkRate
void blink()
{
  digitalWrite(ledPin,HIGH);
  delay(blinkRate); // delay depends on blinkrate value
  digitalWrite(ledPin,LOW);
  delay(blinkRate);
}
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Discussion

ch

blinkRate = (ch - '0');   // ASCII value converted to numeric value

ch 49- '0'
49-48

(ch - '0') (ch - 48)
ch

setup() blink()

loop 123

int value;

void loop()
{
  if( Serial.available())
  {
    char ch = Serial.read();
    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
    {
       value = (value * 10) + (ch - '0'); // yes, accumulate the value
    }
    else if (ch == 10)  // is the character the newline character
    {
       blinkRate = value;  // set blinkrate to the accumulated value
       Serial.println(blinkRate);
       value = 0; // reset val to 0 ready for the next sequence of digits
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    }
  }
  blink();
}

    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
    {
       value = (value * 10) + (ch - '0'); // yes, accumulate the value
    }

'-'

int value = 0;
int sign = 1;

void loop()
{
  if( Serial.available())
  {
    char ch = Serial.read();
    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
       value = (value * 10) + (ch - '0'); // yes, accumulate the value
    else if( ch == '-')
       sign = -1;
    else // this assumes any char not a digit or minus sign terminates the value
    {
       value = value * sign ;  // set value to the accumulated value
       Serial.println(value);
       value = 0; // reset value to 0 ready for the next sequence of digits
       sign = 1;
    }
  }
}

atoi int atol long

const int MaxChars = 5; // an int string contains up to 5 digits and
                        // is terminated by a 0 to indicate end of string
char strValue[MaxChars+1]; // must be big enough for digits and terminating null
int index = 0;         // the index into the array storing the received digits

void loop()
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{
  if( Serial.available())
  {
    char ch = Serial.read();
    if(index <  MaxChars && ch >= '0' && ch <= '9'){
      strValue[index++] = ch; // add the ASCII character to the string;
    }
    else
    {
      // here when buffer full or on the first non digit
      strValue[index] = 0;        // terminate the string with a 0
      blinkRate = atoi(strValue);  // use atoi to convert the string to an int
      index = 0;
    }
  }
  blink();
}

strValue

atoi
atol

See Also

4.4  Sending Multiple Text Fields from Arduino in a
Single Message
Problem

Solution

// CommaDelimitedOutput sketch

void setup()

4.4  Sending Multiple Text Fields from Arduino in a Single Message | 95

http://en.wikipedia.org/wiki/Atoi


{
  Serial.begin(9600);
}

void loop()
{
  int value1 = 10;    // some hardcoded values to send
  int value2 = 100;
  int value3 = 1000;

  Serial.print('H'); // unique header to identify start of message
  Serial.print(",");
  Serial.print(value1,DEC);
  Serial.print(",");
  Serial.print(value2,DEC);
  Serial.print(",");
  Serial.print(value3,DEC);
  Serial.print(",");  // note that a comma is sent after the last field
  Serial.println();  // send a cr/lf
  delay(100);
}

//CommaDelimitedInput.pde (Processing Sketch)

import processing.serial.*;

Serial myPort;        // Create object from Serial class
char HEADER = 'H';    // character to identify the start of a message
short LF = 10;        // ASCII linefeed
short portIndex = 0;  // select the com port, 0 is the first port

void setup() {
  size(200, 200);

  // WARNING!
  // If necessary, change the definition of portIndex at the top of this
  // sketch to the desired serial port.
  //
  println(Serial.list());
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this,Serial.list()[portIndex], 9600);
}

void draw() {

}

void serialEvent(Serial p)
{
  String message = myPort.readStringUntil(LF); // read serial data
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  if(message != null)
  {
    print(message);
    String [] data  = message.split(","); // Split the comma-separated message
    if(data[0].charAt(0) == HEADER)       // check for header character in the
first field
    {
      for( int i = 1; i < data.length-1; i++) // skip the header and terminating
cr and lf
      {
        int value = Integer.parseInt(data[i]);
        println("Value" +  i + " = " + value);  //Print the value for each field
      }
      println();
    }
  }
}

Discussion

\r \n

H10,100,1000,\r\n

println()

split()
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See Also

4.5  Receiving Multiple Text Fields in a Single Message
in Arduino
Problem

Solution
split()

/*
 * SerialReceiveMultipleFields sketch
 * This code expects a message in the format: 12,345,678
 * This code requires a newline character to indicate the end of the data
 * Set the serial monitor to send newline characters
 */

const int NUMBER_OF_FIELDS = 3; // how many comma separated fields we expect
int fieldIndex = 0;            // the current field being received
int values[NUMBER_OF_FIELDS];   // array holding values for all the fields

void setup()
{
  Serial.begin(9600); // Initialize serial port to send and receive at 9600 baud
}

void loop()
{
  if( Serial.available())
  {
    char ch = Serial.read();
    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
    {
      // yes, accumulate the value
      values[fieldIndex] = (values[fieldIndex] * 10) + (ch - '0'); 
    }
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    else if (ch == ',')  // comma is our separator, so move on to the next field
    {
      if(fieldIndex < NUMBER_OF_FIELDS-1)
        fieldIndex++;   // increment field index
    }
    else
    {
      // any character not a digit or comma ends the acquisition of fields
      // in this example it's the newline character sent by the Serial Monitor
      Serial.print( fieldIndex +1);
      Serial.println(" fields received:");
      for(int i=0; i <= fieldIndex; i++)
      {
        Serial.println(values[i]);
        values[i] = 0; // set the values to zero, ready for the next message
      }
      fieldIndex = 0;  // ready to start over
    }
  }
}

Discussion

#include <TextFinder.h>

TextFinder finder(Serial);

const int NUMBER_OF_FIELDS = 3; // how many comma-separated fields we expect
int fieldIndex = 0;             // the current field being received
int values[NUMBER_OF_FIELDS];   // array holding values for all the fields

void setup()
{
  Serial.begin(9600); // Initialize serial port to send and receive at 9600 baud
}

void loop()
{

  for(fieldIndex = 0; fieldIndex  < 3; fieldIndex ++)
  {
    values[fieldIndex] = finder.getValue(); // get a numeric value
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  }
  Serial.print( fieldIndex);
  Serial.println(" fields received:");
  for(int i=0; i <  fieldIndex; i++)
  {
     Serial.println(values[i]);
  }
  fieldIndex = 0;  // ready to start over
}

boolean find(char *target);
true

false

findUntil

boolean findUntil(char *target, char *terminate);
find

true

    finder.findUntil("target", "\n");

"value"

long getValue();

0

long getValue(char skipChar);
getValue skipChar

float getFloat();
float getValue

int getString(char *pre_string,char *post_string,char *buf,int length);
pre_string
post_string

char post_string length
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0

See Also

4.6  Sending Binary Data from Arduino
Problem

Solution

random

/*
 * SendBinary sketch
 * Sends a header followed by two random integer values as binary data.
*/

int intValue;    // an integer value (16 bits)

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  Serial.print('H'); // send a header character

  // send a random integer
  intValue = random(599); // generate a random number between 0 and 599
  // send the two bytes that comprise an integer
  Serial.print(lowByte(intValue), BYTE);  // send the low byte
  Serial.print(highByte(intValue), BYTE); // send the high byte

  // send another random integer
  intValue = random(599); // generate a random number between 0 and 599
  // send the two bytes that comprise an integer
  Serial.print(lowByte(intValue), BYTE);  // send the low byte
  Serial.print(highByte(intValue), BYTE); // send the high byte

  delay(1000);
}
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Discussion

int
int short

int

Serial.print(byteVal)

lowByte highByte

Serial.print(lowByte(intValue), BYTE);
Serial.print(highByte(intValue), BYTE);

BYTE

long
long

int longValue = 1000;
int intValue;
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intValue = longValue && 0xFFFF;  // get the value of the lower 16 bits
Serial.print(lowByte(intVal), BYTE);
Serial.print(highByte(intVal), BYTE);

intValue = longValue >> 16;  // get the value of the higher 16 bits
Serial.print(lowByte(intVal), BYTE);
Serial.print(highByte(intVal), BYTE);

// function to send the given integer value to the serial port
void sendBinary(int value)
{
  // send the two bytes that comprise a two byte (16 bit) integer
  Serial.print(lowByte(value), BYTE);  // send the low byte
  Serial.print(highByte(value), BYTE); // send the high byte
}

long

// function to send the given long integer value to the serial port
void sendBinary(long value)
{
  // first send the low 16 bit integer value
  int temp = value && 0xFFFF;  // get the value of the lower 16 bits
  sendBinary(temp);
  // then send the higher 16 bit integer value:
  temp = value >> 16;  // get the value of the higher 16 bits
  sendBinary(temp);
}

int long sendBinary

printBinary void sendBinary(int
value) long void
sendBinary(long value)

Serial.print

void sendStructure( char *structurePointer, int structureLength)
{
  int i;
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  for (i = 0 ; i < structureLength ; i++)
    serial.print(structurePointer[i], BYTE);
  }

sendStructure((char *)&myStruct, sizeof(myStruct));

int long

analog
Read

int

See Also

lowByte
highByte
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4.7  Receiving Binary Data from Arduino on a Computer
Problem

Solution

SimpleRead

  if ( myPort.available() > 0) {  // If data is available,
    val = myPort.read();          // read it and store it in val

/*
 * ReceiveBinaryData_P
 *
 * portIndex must be set to the port connected to the Arduino
*/
import processing.serial.*;

Serial myPort;        // Create object from Serial class
short portIndex = 1;  // select the com port, 0 is the first port

char HEADER = 'H';
int value1, value2;         // Data received from the serial port

void setup()
{
  size(600, 600);
  // Open whatever serial port is connected to Arduino.
  String portName = Serial.list()[portIndex];
  println(Serial.list());
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this, portName, 9600);
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}

void draw()
{
  // read the header and two binary *(16 bit) integers:
  if ( myPort.available() >= 5)  // If at least 5 bytes are available,
  {
    if( myPort.read() == HEADER) // is this the header
    {
      value1 = myPort.read();                 // read the least significant byte
      value1 =  myPort.read() * 256 + value1; // add the most significant byte

      value2 = myPort.read();                 // read the least significant byte
      value2 =  myPort.read() * 256 + value2; // add the most significant byte

      println("Message received: " + value1 + "," + value2);
    }
  }
  background(255);             // Set background to white
  fill(0);                     // set fill to black
// draw rectangle with coordinates based on the integers received from Arduino
  rect(0, 0, value1,value2);
}

Discussion

setup
setup

size(600,600)

String portName = Serial.list()[portIndex];
Serial.list

portIndex println(Serial.list())
myPort = new Serial(this, portName, 9600);

portName portIndex

draw loop
draw

See Also
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4.8  Sending Binary Values from Processing to Arduino
Problem

Solution

/* SendingBinaryToArduino
 * Language: Processing
 */
import processing.serial.*;

Serial myPort;  // Create object from Serial class
public static final char HEADER = '|';
public static final char MOUSE  = 'M';

void setup()
{
  size(200, 400);
  String portName = Serial.list()[0];
  myPort = new Serial(this, portName, 9600);
}

void draw(){
}

void serialEvent(Serial p) {
  // handle incoming serial data
  String inString = myPort.readStringUntil('\n');
  if(inString != null) {
      println( inString );   // echo text string from Arduino
  }
}

sendMessage
index
value index

value

void mousePressed() {
  int index = mouseY;
  int value = mouseX;
  sendMessage(MOUSE, index, value);
}
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sendMessage

void sendMessage(char tag, int index, int value){
  // send the given index and value to the serial port
  myPort.write(HEADER);
  myPort.write(tag);
  myPort.write(index);
  char c = (char)(value / 256); // msb
  myPort.write(c);
  c = (char)(value & 0xff);  // lsb
  myPort.write(c);
}

//BinaryDataFromProcessing

define

#define HEADER        '|'
#define MOUSE         'M'
#define MESSAGE_BYTES  5  // the total bytes in a message

void setup()
{
  Serial.begin(9600);
}

void loop(){

MESSAGE_BYTES

  if ( Serial.available() >= MESSAGE_BYTES)
  {

    if( Serial.read() == HEADER)
    {
      char tag = Serial.read();
      if(tag == MOUSE)
      {
        int index = Serial.read(); // this was sent as a char
but it's ok to use it as an int

Serial.read() * 256;

        int val = Serial.read() * 256;
        val = val + Serial.read();
        Serial.print("Received mouse msg, index = ");
        Serial.print(index);
        Serial.print(", value  ");
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        Serial.println(val);
      }
      else
      {

        Serial.print("got message with unknown tag ");
        Serial.println(tag);
      }
    }
  }
}

Discussion

sendMessage

4.9  Sending the Value of Multiple Arduino Pins
Problem

Solution

/*
 * SendBinaryFields
 * Sends digital and analog pin values as binary data
 */

const char HEADER = 'H';  // a single character header to indicate the start
of a message
// these are the values that will be sent in binary format

void setup()
{
  Serial.begin(9600);
  for(int i=2; i <= 13; i++)

4.9  Sending the Value of Multiple Arduino Pins | 109

D
ow
nl
oa
d  
fr
om
  W
ow
!  e
Bo
ok
  <
w
w
w
.w
ow
eb
oo
k.
co
m
>



  {
    pinMode(i, INPUT);       // set pins 2 through 13 to inputs
    digitalWrite(i, HIGH);   // turn on pull-ups
  }
}

void loop()
{
  Serial.print(HEADER,BYTE); // send the header
  // put the bit values of the pins into an integer
  int values = 0;
  int bit = 0;
  for(int i=2; i <= 13; i++)
  {
    bitWrite(values, bit, digitalRead(i));  // set the bit to 0 or 1 depending
                                            // on value of the given pin
    bit = bit + 1;                          // increment to the next bit
  }
  sendBinary(values); // send the integer

  for(int i=0; i < 6; i++)
  {
    values = analogRead(i);
    sendBinary(values); // send the integer
  }
  delay(1000); //send every second
}

// function to send the given integer value to the serial port
void sendBinary( int value)
{
  // send the two bytes that comprise an integer
  Serial.print(lowByte(value), BYTE);  // send the low byte
  Serial.print(highByte(value), BYTE); // send the high byte
}

Discussion
H

bitRead

sendBinary

72   // the character 'H' - this is the header
     // two bytes in low high order containing bits representing pins 2-13
63   // binary 00111111 :  this indicates that pins 2-7 are high
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0    // this indicates that  8-13 are low

     // two bytes for each pin representing the analog value
0    // pin 0 has an integer value of 0 so this is sent as two bytes
0

100  // pin 1 has a value of 100, sent as a byte of 100 and a byte of 0
0
...
     // pin 5 has a value of 500
244  // the remainder when dividing 500 by 256
1    //  the number of times 500 can be divided by 256

/*
 * ReceiveMultipleFieldsBinary_P
 *
 * portIndex must be set to the port connected to the Arduino
*/

import processing.serial.*;

Serial myPort;        // Create object from Serial class
short portIndex = 0;  // select the com port, 0 is the first port

char HEADER = 'H';

void setup()
{
  size(200, 200);
  // Open whatever serial port is connected to Arduino.
  String portName = Serial.list()[portIndex];
  println(Serial.list());
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this, portName, 9600);
}

void draw()
{
int val;

  if ( myPort.available() >= 15)  // wait for the entire message to arrive
  {
    if( myPort.read() == HEADER) // is this the header
    {
      println("Message received:");
      // header found
      // get the integer containing the bit values
      val = readArduinoInt();
      // print the value of each bit
      for(int pin=2, bit=1; pin <= 13; pin++){
        print("digital pin " + pin + " = " );
        int isSet = (val & bit);
        if( isSet == 0)
          println("0");

4.9  Sending the Value of Multiple Arduino Pins | 111



        else
          println("1");
          bit = bit * 2; // shift the bit
      }
      println();
      // print the six analog values
      for(int i=0; i < 6; i ++){
        val = readArduinoInt();
        println("analog port " + i + "= " + val);
      }
      println("----");
    }
  }
}

// return the integer value from bytes received on the serial port (in low,high
order)
int readArduinoInt()
{
  int val;      // Data received from the serial port

  val = myPort.read();              // read the least significant byte
  val =  myPort.read() * 256 + val; // add the most significant byte
  return val;
}

readArduinoInt

See Also

4.10  How to Move the Mouse Cursor on a PC or Mac
Problem
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Solution

// SerialMouse sketch
#define potXPin 4
#define potYPin 5

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  int x = analogRead(potXPin);
  int y = analogRead(potYPin);
  Serial.print(x,DEC);
  Serial.print(",");
  Serial.print(y,DEC);
  Serial.println();  // send a cr/lf
  delay(50); // send position 20 times a second
}
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/*
 * ArduinoMouse.pde  (Processing sketch)
 */

/* WARNING: This sketch takes over your mouse
 Press escape to close running sketch */

import processing.serial.*;

Serial myPort;     // Create object from Serial class
Robot myRobot;     // create object from Robot class;

public static final char HEADER = 'M';    // character to identify the start of
a message
public static final short LF = 10;        // ASCII linefeed
public static final short portIndex = 1;  // select the com port, 0 is the first
port

void setup() {
  size(200, 200);
  println(Serial.list());
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this,Serial.list()[portIndex], 9600);
  try {
    myRobot = new Robot(); // the Robot class gives access to the mouse
  }
  catch (AWTException e) {  // this is the Java exception handler
    e.printStackTrace();
  }
}

void draw() {

}

void serialEvent(Serial p) {
  String message = myPort.readStringUntil(LF); // read serial data
  if(message != null)
  {
    print(message);
    String [] data  = message.split(","); // Split the comma-separated message
    if(data[0].charAt(0) == HEADER) // check for header character in the first
field
    {
      if( data.length > 3)
      {
        int x = Integer.parseInt(data[1]);
        int y = Integer.parseInt(data[2]);
        print("x= " + x);
        println(", y= " + y);
        myRobot.mouseMove(x,y); // move mouse to received x and y position
      }
    }
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  }
}

mouseMove Robot

Discussion

Robot

See Also

Robot

Robot

SendInput

4.11  Controlling Google Earth Using Arduino
Problem
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Solution

*
 * GoogleEarthPSX
 *
 * Send joystick data from PSX to Processing
 * uses PSX library discussed in Recipe 6.17
 */

#include <Psx.h>                      // Includes the Psx Library

Psx Psx;                              // Create an instance of the Psx library
const int dataPin = 5;
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const int cmndPin = 4;
const int attPin = 3;
const int clockPin = 2;
const int psxDelay = 10; // this determines the clock delay in microseconds

const byte nudge = 64;   // the amount of movement to be sent when stick is pushed
const byte HEADER = 255; // this value is sent as the header
unsigned int data;
byte x,y, buttons;

void setup()
{
  Serial.begin(9600);
  Psx.setupPins(dataPin, cmndPin, attPin, clockPin, psxDelay);  // initialize Psx
}

void loop()
{

  data = Psx.read();   // get the psx controller button data
  x = y = 127;         // center x & y values, offsets are added if buttons pressed
  buttons = 0;

 if(data & psxLeft || data & psxSqu)
    x = x - nudge;
 if(data & psxDown ||data & psxX)
    y = y + nudge;
 if(data & psxRight ||data & psxO)
    x = x + nudge;
 if(data & psxUp ||data & psxTri)
    y = y - nudge;
  if(data & psxStrt)  // (Z button)
     buttons = buttons + 2;
  if(data & psxSlct)  // (C button)
     buttons = buttons + 1;

 Serial.print(HEADER);
 Serial.print(x);
 Serial.print(y);
 Serial.print(buttons);

 delay(20); // send position 50 times a second
}

/**
 * GoogleEarthFS_P
 *
 * Read Arduino Serial packets
 * and send mouse position to Google Earth
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 *
 */

import processing.serial.*;

Serial myPort;       // Create object from Serial class
int portIndex = 1;   // select the com port, 0 is the first port
int HEADER = 255;
int val;             // Data received from the serial port

GoogleFS myGoogle;

void setup()
{
  size(256, 256);
  println(Serial.list());
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this,Serial.list()[portIndex], 9600);
  myGoogle = new GoogleFS();
  smooth();
  fill(255);
  background(255);
  println("Start Google FS in the center of your screen");
  println("center the mouse pointer in google earth
and press Z button to start");
  do{
    getData();
  }
  while(buttons != 2 ); // wait for data and Z button to start

  println("started");
  myGoogle.mousePress(InputEvent.BUTTON1_MASK); // starts the FS
}

int accx,accy,buttons;
int xOffset, yOffset = 0;

boolean getData(){
  if ( myPort.available() >= 4) {  // If a data packet is available,
    if(myPort.read() == HEADER){  // check for header
      // erase the old markers
      stroke(255);
      ellipse(accx, accy,4,4);

      accx = myPort.read();
      accy = myPort.read();
      buttons = myPort.read();
      if(xOffset == 0){
        // here if first time
        xOffset = accx;
        yOffset = accy;
      }
      if( buttons == 1) {
        println("tbutton: c");
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        xOffset = accx;
        yOffset = accy;
      }
      if(buttons == 3 ){
        exit();
      }
      return true;  // data available
    }
  }
  return false;
}

void draw()
{
  if(getData()){
    if(buttons != 2 ){
      // only activate the mouse when the Z button is not pressed
      myGoogle.move(accx- xOffset, accy - yOffset);
     }

    print("accx: ");     print(accx);
    print("\taccy: ");   print(accy);
    println();

    stroke(255,0,0);     ellipse(accx, accy,4,4);
  }
}

class GoogleFS {
  Robot myRobot;     // create object from Robot class;
  int centerX,centerY;
  GoogleFS(){
    try {
      myRobot = new Robot();
    }
    catch (AWTException e) {
      e.printStackTrace();
    }
    Dimension screen = java.awt.Toolkit.getDefaultToolkit().getScreenSize();
    centerY =  (int)screen.getHeight() / 2 ;
    centerX =  (int)screen.getWidth() / 2;
  }
  // moves mouse from center of screen by given offset
  void move(int offsetX, int offsetY){
    myRobot.mouseMove(centerX + 4 * offsetX,centerY + -4 * offsetY);
  }
  void mousePress( int button){
    myRobot.mousePress(button) ;
  }
}

Discussion
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nudge

/*
 * WiichuckSerial
 *
 * based on code from Tod E. Kurt, http://thingm.com/
 * Modified to send serial packets to Processing
 *
 */

#include <Wire.h>
#include "nunchuck_funcs.h"

int loop_cnt=0;
const byte header = 254;               // a value to indicate start of message

byte accx,accy,joyx,joyy,buttons;

// set the current coordinates as the center points
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void setup()
{
    Serial.begin(9600);
    nunchuck_setpowerpins();
    nunchuck_init(); // send the initialization handshake
    nunchuck_get_data(); // ignore the first time
    delay(50);
}

void loop()
{
    if( loop_cnt > 50 ) { // every 50 msecs get new data
        loop_cnt = 0;

        nunchuck_get_data();

        accx  = nunchuck_accelx();
        accy  = nunchuck_accely();
        buttons = nunchuck_zbutton() * 2;
        buttons = buttons + nunchuck_cbutton(); // cbutton is least significant bit

        Serial.print((byte)HEADER);          // value indicating start of message
        Serial.print((byte)accx);
        Serial.print((byte)accy);
        Serial.print((byte)buttons);

    }
    loop_cnt++;
    delay(1);
}

See Also

4.12  Logging Arduino Data to a File on Your Computer
Problem

Solution
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/*
 * ReceiveMultipleFieldsBinaryToFile_P
 *
 * portIndex must be set to the port connected to the Arduino
 * based on ReceiveMultipleFieldsBinary, this version saves data to file
 * Press any key to stop logging and save file
 */

import processing.serial.*;

PrintWriter output;
DateFormat fnameFormat= new SimpleDateFormat("yyMMdd_HHmm");
DateFormat  timeFormat = new SimpleDateFormat("hh:mm:ss");
String fileName;

Serial myPort;        // Create object from Serial class
short portIndex = 0;  // select the com port, 0 is the first port
char HEADER = 'H';

void setup()
{
  size(200, 200);
  // Open whatever serial port is connected to Arduino.
  String portName = Serial.list()[portIndex];
  println(Serial.list());
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this, portName, 9600);
  Date now = new Date();
  fileName = fnameFormat.format(now);
  output = createWriter(fileName + ".txt"); // save the file in the sketch folder
}

void draw()
{
  int val;
  String time;

  if ( myPort.available() >= 15)  // wait for the entire message to arrive
  {
    if( myPort.read() == HEADER) // is this the header
    {
      String timeString = timeFormat.format(new Date());
      println("Message received at " + timeString);
      output.println(timeString);
      // header found
      // get the integer containing the bit values
      val = readArduinoInt();
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      // print the value of each bit
      for(int pin=2, bit=1; pin <= 13; pin++){
        print("digital pin " + pin + " = " );
        output.print("digital pin " + pin + " = " );
        int isSet = (val & bit);
        if( isSet == 0){
           println("0");
           output.println("0");
        }
        else  {
          println("1");
          output.println("0");
        }
        bit = bit * 2; // shift the bit
      }
      // print the six analog values
      for(int i=0; i < 6; i ++){
        val = readArduinoInt();
        println("analog port " + i + "= " + val);
        output.println("analog port " + i + "= " + val);
      }
      println("----");
      output.println("----");
    }
  }
}

void keyPressed() {
  output.flush(); // Writes the remaining data to the file
  output.close(); // Finishes the file
  exit(); // Stops the program
}

// return the integer value from bytes received on the serial port (in low,high
order)
int readArduinoInt()
{
  int val;      // Data received from the serial port

  val = myPort.read();          // read the least significant byte
  val =  myPort.read() * 256 + val; // add the most significant byte
  return val;
}

portIndex

Discussion
DateFormat

DateFormat fnameFormat= new SimpleDateFormat("yyMMdd_HHmm");

  output = createWriter(fileName + ".txt");
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createWriter

output

void draw()
{
  int val;
  String time;

  if ( myPort.available() >= 15)  // wait for the entire message to arrive
  {
    if( myPort.read() == HEADER) // is this the header
    {
       String timeString = timeFormat.format(new Date());
       output.print(timeString);
       val = readArduinoInt(); // read but don't output the digital values

      // output the six analog values delimited by a comma
      for(int i=0; i < 6; i ++){
        val = readArduinoInt();
        output.print("," + val);
      }
      output.println();
    }
  }
}

See Also
createWriter

4.13  Sending Data to Two Serial Devices at the Same Time
Problem

Solution

124 | Chapter 4:ಗSerial Communications

http://processing.org/reference/createWriter_.html


void setup() {
  // initialize two serial ports on a megaL
  Serial.begin(9600);
  Serial1.begin(9600);
}

NewSoftSerial
serial_lcd

/*
 * NewSoftSerialOutput sketch
 * Output data to a software serial port
*/
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#include <NewSoftSerial.h>
...
const int rxpin = 2;           // pin used to receive from LCD
const int txpin = 3;           // pin used to send to LCD
NewSoftSerial serial_lcd(txpin, rxpin); // new serial port on pins 2 and 3

void setup()
{
  Serial.begin(9600); // 9600 baud for the built-in serial port
  serial_lcd.begin(9600); //initialize the software serial port also for 9600
}

int number = 0;

void loop()
{
  serial_lcd.print("The number is ");  // send text to the LCD
  serial_lcd.println(number);    // print the number on the LCD
  Serial.print("The number is ");
  Serial.println(number);        // print the number on the PC console

  delay(500); // delay half second between numbers
  number++;   // to the next number
}

The number is 0
The number is 1
...

Discussion
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Feature NewSoftSerial SoftwareSerial

Distributed with Arduino software Noa Yes

Max transmit baud rate 115.2K To about 9,600

Max receive baud rate 38.4K To about 9,600

Supports 8 MHz processors Yes No

Reliable interrupt-driven receives Yes No

Supports multiple emulated ports Yes No

.available() and .overflow() methods Yes N/A
a Note that as of Arduino release 22, NewSoftSerial was available only as a third-party library, but future releases may include it with the

base distribution.

print()
println()

  serial_lcd.print("The number is ");  // send text to the LCD
  serial_lcd.println(number);          // send the number on the LCD

  Serial.print("The number is ");      // send text to the hardware port
  Serial.println(number);              // to output on Arduino Serial Monitor

NewSoftSerial

#include <NewSoftSerial.h>
...
const int no_such_pin = 255;
const int txpin = 3;
NewSoftSerial serial_lcd(txpin, no_such_pin); // TX-only on pin 3
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4.14  Receiving Serial Data from Two Devices at the Same Time
Problem

Solution

NewSoftSerial

serial_gps

/*
 * NewSoftSerialInput sketch
 * Read data from a software serial port
*/
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#include <NewSoftSerial.h>
const int rxpin = 2;                    // pin used to receive from GPS
const int txpin = 3;                    // pin used to send to GPS
NewSoftSerial serial_gps(txpin, rxpin); // new serial port on pins 2 and 3

void setup()
{
  Serial.begin(9600); // 9600 baud for the built-in serial port
  serial_gps.begin(4800); // initialize the port, most GPS devices use 4800 baud
}

void loop()
{
  if (serial_gps.available() > 0) // any character arrived yet?
  {
    char c = serial_gps.read();   // if so, read it from the GPS
    Serial.print(c, BYTE);        // and echo it to the serial console
  }
}

Discussion

const int rxpin = 2;                    // pin used to receive from GPS
const int txpin = 3;                    // pin used to send to GPS
NewSoftSerial serial_gps(txpin, rxpin); // new serial port on pins 2 and 3

available() read()
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Receiving data from multiple NewSoftSerial ports

read print println available

/*
 * MultiRX sketch
 * Receive data from two software serial ports
*/

#include <NewSoftSerial.h>
const int rxpin1 = 2;
const int txpin1 = 3;
const int rxpin2 = 4;
const int txpin2 = 5;
NewSoftSerial gps(txpin1, rxpin1);  // gps device connected to pins 2 and 3
NewSoftSerial xbee(txpin2, rxpin2); // gps device connected to pins 2 and 3

void setup()
{
  gps.begin(4800);
  xbee.begin(9600);
}

void loop()
{
  if (xbee.available() > 0) // xbee is active.  Any characters available?
  {
    if (xbee.read() == 'y') // if xbee received a 'y' character
    {
      unsigned long start = millis(); // begin listening to the GPS
      while (start + 100000 > millis())
      // listen for 10 seconds
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      {
        if (gps.available() > 0) // now gps device is active
        {
          char c = gps.read();
          // *** process gps data here
        }
      }
    }
  }
}

y

4.15  Setting Up Processing on Your Computer to Send
and Receive Serial Data
Problem

Solution

/**
 * GettingStarted
 *
 * A sketch to list the available serial ports
 * and display characters received
 */
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import processing.serial.*;

Serial myPort;      // Create object from Serial class
int portIndex = 0;  // set this to the port connected to Arduino
int val;            // Data received from the serial port

void setup()
{
  size(200, 200);
  println(Serial.list()); // print the list of all the ports
  println(" Connecting to -> " + Serial.list()[portIndex]);
  myPort = new Serial(this, Serial.list()[portIndex], 9600);
}

void draw()
{
  if ( myPort.available() > 0) // If data is available,
  {
    val = myPort.read();         // read it and store it in val
    print(val);
  }
}

portIndex
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digitalRead
HIGH LOW

pinMode(pin, INPUT)

digitalRead
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analogRead
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5.1  Using a Switch
Problem

Solution
digitalRead

/*
   Pushbutton sketch
   a switch connected to pin 2 lights the LED on pin 13
*/

const int ledPin = 13;            // choose the pin for the LED
const int inputPin = 2;           // choose the input pin (for a pushbutton)

void setup() {
  pinMode(ledPin, OUTPUT);         // declare LED as output
  pinMode(inputPin, INPUT);        // declare pushbutton as input
}

void loop(){
  int val = digitalRead(inputPin);  // read input value
  if (val == HIGH)                  // check if the input is HIGH
  {
    digitalWrite(ledPin, HIGH);     // turn LED on if switch is pressed
  }
  else
  {
    digitalWrite(ledPin, LOW);      // turn LED off
  }
}

Discussion
setup OUTPUT INPUT
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OUTPUT digitalWrite
INPUT

digitalRead inputPin
HIGH LOW

HIGH LOW
digitalRead

HIGH LOW

digital
Read LOW HIGH
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digitalRead val
HIGH LOW

val HIGH

true HIGH
1 false LOW

0

void loop()
{
    digitalWrite(ledPin, digitalRead(inputPin));  // turn LED ON if input pin is
HIGH, else turn OFF
}

digitalRead

LOW
DOWN

LOW

void loop()
{
  int val = digitalRead(inputPin);  // read input value
  if (val == HIGH)                  // check if the input is HIGH
  {
    digitalWrite(ledPin, LOW);      // turn LED OFF
  }
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  else
  {
    digitalWrite(ledPin, HIGH);     // turn LED ON
  }
}

See Also
digitalRead

digitalWrite

pinMode

HIGH LOW

5.2  Using a Switch Without External Resistors
Problem
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Solution

HIGH INPUT

/*
  Pullup sketch
  a switch connected to pin 2 lights the LED on pin 13
*/

const int ledPin = 13;          // output pin for the LED
const int inputPin = 2;         // input pin for the switch

void setup() {
  pinMode(ledPin, OUTPUT);
  pinMode(inputPin, INPUT);
  digitalWrite(inputPin,HIGH);  // turn on internal pull-up on the inputPin
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}

void loop(){
  int val = digitalRead(inputPin);  // read input value
  if (val == HIGH)                  // check if the input is HIGH
  {
    digitalWrite(ledPin, HIGH);     // turn LED OFF
  }
  else
  {
    digitalWrite(ledPin, LOW);      // turn LED ON
  }
}

Discussion
HIGH

digitalWrite(pin, HIGH)
LOW

HIGH LOW
HIGH

HIGH LOW
digitalWrite(pin, LOW) pin

Mode(pin, INPUT)
HIGH

5.3  Reliably Detecting the Closing of a Switch
Problem
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Solution

/*
  Debounce sketch
  a switch connected to pin 2 lights the LED on pin 13
  debounce logic prevents misreading of the switch state
*/

const int inputPin = 2;        // the number of the input pin
const int ledPin = 13;         // the number of the output pin
const int debounceDelay = 10;  // milliseconds to wait until stable

// debounce returns true if the switch in the given pin is closed and stable
boolean debounce(int pin)
{
  boolean state;
  boolean previousState;

  previousState = digitalRead(pin);          // store switch state
  for(int counter=0; counter < debounceDelay; counter++)
  {
      delay(1);                  // wait for 1 millisecond
      state = digitalRead(pin);  // read the pin
      if( state != previousState)
      {
         counter = 0; // reset the counter if the state changes
         previousState = state;  // and save the current state
      }
  }
  // here when the switch state has been stable longer than the debounce period

  return state;
}

void setup()
{
  pinMode(inputPin, INPUT);
  pinMode(ledPin, OUTPUT);
}

void loop()
{
  if(debounce(inPin))
  {
    digitalWrite(outPin, HIGH);
  }
}

debounce
true

false
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Discussion
debounce

debounce
true false

debounce
LOW true
true HIGH

boolean debounce(int pin)
{
  boolean state;
  boolean previousState;

  previousState = digitalRead(pin);          // store switch state
  for(int counter=0; counter < debounceDelay; counter++)
  {
      delay(1);                  // wait for 1 millisecond
      state = digitalRead(pin);  // read the pin
      if( state != previousState)
      {
         counter = 0; // reset the counter if the state changes
         previousState = state;  // and save the current state
      }
  }
  // here when the switch state has been stable longer than the debounce period
  if(state == LOW)  // LOW means pressed (because pull-ups are used)
     return true;
  else
    return false;
}

count

debounceDelay
count debounce

int count;   // add this variable to store the number of presses

void setup()
{
  pinMode(inPin, INPUT);

5.3  Reliably Detecting the Closing of a Switch | 143



  pinMode(outPin, OUTPUT);
  Serial.begin(9600); // add this to the setup function
}

void loop()
{
  if(debounce(inPin))
  {
    digitalWrite(outPin, HIGH);
    count++;        // increment count
    Serial.println(count);  // display the count on the Serial Monitor
  }
}

debounce()

debounce

See Also

ൺ ൺ

5.4  Determining How Long a Switch Is Pressed
Problem

Solution
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HIGH

/*
 SwitchTime sketch
 Countdown timer that decrements every tenth of a second
 lights an LED when 0
 Pressing button increments count, holding button down increases
 rate of increment

 */
const int ledPin = 13;                 // the number of the output pin
const int inPin = 2;                   // the number of the input pin

const int  debounceTime = 20;          // the time in milliseconds required
for the switch to be stable
const int  fastIncrement = 1000;       // increment faster after this many
milliseconds
const int  veryFastIncrement = 4000;   // and increment even faster after
this many milliseconds
int count = 0;                         // count decrements every tenth of a
second until reaches 0

void setup()
{
  pinMode(inPin, INPUT);
  digitalWrite(inPin, HIGH); // turn on pull-up resistor
  pinMode(ledPin, OUTPUT);
  Serial.begin(9600);
}

void loop()
{
  int duration = switchTime();
  if( duration > veryFastIncrement)
    count = count + 10;
  else if ( duration > fastIncrement)
    count = count + 4;
  else if ( duration > debounceTime)
    count = count + 1;

  else
  {
    // switch not pressed so service the timer
    if( count == 0)
      digitalWrite(ledPin, HIGH);  // turn the LED on if the count is 0
    else
    {
      digitalWrite(ledPin, LOW);   // turn the LED off if the count is not 0
      count = count - 1;           // and decrement the count
    }
  }
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  Serial.println(count);
  delay(100);
}

// return the time in milliseconds that the switch has been in pressed (LOW)
long switchTime()
{
  // these variables are static  - see Discussion for an explanation
  static unsigned long startTime = 0;  // the time the switch state change was
first detected
  static boolean state;                // the current state of the switch

  if(digitalRead(inPin) != state) // check to see if the switch has changed state
  {
    state = ! state;       // yes, invert the state
    startTime = millis();  // store the time
  }
  if( state == LOW)
    return millis() - startTime;   // switch pushed, return time in milliseconds
  else
    return 0; // return 0 if the switch is not pushed (in the HIGH state);
}

Discussion
switchTime

digitalRead LOW

loop switchTime

fast

true

switchTime
switchTime

const int  debounceTime = 20;     // the time in milliseconds that the switch
needs to be stable

if( switchTime() > debounceTime);
    Serial.print("switch is debounced");
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/*
 SwitchTimeMultiple sketch
 Prints how long more than one switch has been pressed
 */

const int switchAPin = 2;               // the pin for switch A
const int switchBPin = 3;               // the pin for switch B

// functions with references must be explicitly declared
unsigned long switchTime(int pin, boolean &state, unsigned long  &startTime);

void setup()
{
  pinMode(switchAPin, INPUT);
  digitalWrite(switchAPin, HIGH); // turn on pull-up resistors
  pinMode(switchBPin, INPUT);
  digitalWrite(switchBPin, HIGH); // turn on pull-up resistors
  Serial.begin(9600);
}

void loop()
{
unsigned long time;

  Serial.print("switch A time =");
  time = switchATime();
  Serial.print(time);

  Serial.print(", switch B time =");
  time = switchBTime();
  Serial.println(time);
  delay(1000);
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}

unsigned long switchTime(int pin, boolean &state, unsigned long  &startTime)
{
  if(digitalRead(pin) != state) // check to see if the switch has changed state
  {
    state = ! state;       //yes,  invert the state
    startTime = millis();  // store the time
  }
  if( state == LOW)
    return millis() - startTime;   // return the time in milliseconds
  else
    return 0; // return 0 if the switch is not pushed (in the HIGH state);
}

long switchATime()
{
  // these variables are static  - see text for an explanation
  static unsigned long startTime = 0;   // the time the switch state change was
first detected
  static boolean state;                 // the current state of the switch
  return switchTime(switchAPin, state, startTime);
}

long switchBTime()
{
  // these variables are static  - see text for an explanation
  static unsigned long startTime = 0;   // the time the switch state change was
first detected
  static boolean state;                 // the current state of the switch
  return switchTime(switchBPin, state, startTime);
}

switchTime()

switchATime() switchBTime()

setup
const

148 | Chapter 5:ಗSimple Digital and Analog Input



5.5  Reading a Keypad
Problem

Solution

/*
  Keypad sketch
  prints the key pressed on a keypad to the serial port
*/

const int numRows = 4;       // number of rows in the keypad
const int numCols = 3;       // number of columns
const int debounceTime = 20; // number of milliseconds for switch to be stable
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// keymap defines the character returned when the corresponding key is pressed
const char keymap[numRows][numCols] = {
  { '1', '2', '3'  } ,
  { '4', '5', '6'  } ,
  { '7', '8', '9'  } ,
  { '*', '0', '#'  }
};

// this array determines the pins used for rows and columns
const int rowPins[numRows] = { 7, 2, 3, 6 }; // Rows 0 through 3
const int colPins[numCols] = { 5, 8, 4 };    // Columns 0 through 2

void setup()
{
  Serial.begin(9600);
  for (int row = 0; row < numRows; row++)
  {
    pinMode(rowPins[row],INPUT);       // Set row pins as input
    digitalWrite(rowPins[row],HIGH);   // turn on Pull-ups
  }
  for (int column = 0; column < numCols; column++)
  {
    pinMode(colPins[column],OUTPUT);     // Set column pins as outputs for writing
    digitalWrite(colPins[column],HIGH);  // Make all columns inactive
  }
}

void loop()
{
  char key = getKey();
  if( key != 0) {       // if the character is not 0 then it's a valid key press
    Serial.print("Got key ");
    Serial.println(key);
  }
}

// returns with the key pressed, or 0 if no key is pressed
char getKey()
{
  char key = 0;                                  // 0 indicates no key pressed

  for(int column = 0; column < numCols; column++)
  {
    digitalWrite(colPins[column],LOW);         // Activate the current column.
    for(int row = 0; row < numRows; row++)     // Scan all rows for a key press.
    {
      if(digitalRead(rowPins[row]) == LOW)     // Is a key pressed?
      {
        delay(debounceTime);                   // debounce
        while(digitalRead(rowPins[row]) == LOW)
            ;                                  // wait for key to be released
        key = keymap[row][column];             // Remember which key was pressed.
      }
    }
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    digitalWrite(colPins[column],HIGH);     // De-activate the current column.
  }
  return key;  // returns the key pressed or 0 if none
}

Arduino pin Keypad connector Keypad row/column

2 7 Row 1

3 6 Row 2

4 5 Column 2

5 4 Column 0

6 3 Row 3

7 2 Row 0

8 1 Column 1

Discussion

setup

getkey LOW
LOW

LOW
LOW

keymap 0
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See Also

5.6  Reading Analog Values
Problem

Solution

analogRead

/*
 Pot sketch
 blink an LED at a rate set by the position of a potentiometer
*/

const int potPin = 0;    // select the input pin for the potentiometer
const int ledPin = 13;   // select the pin for the LED
int val = 0;             // variable to store the value coming from the sensor

void setup()
{
  pinMode(ledPin, OUTPUT);  // declare the ledPin as an OUTPUT
}

void loop() {
  val = analogRead(potPin);    // read the voltage on the pot
  digitalWrite(ledPin, HIGH); // turn the ledPin on
  delay(val);                 // blink rate set by pot value (in milliseconds)
  digitalWrite(ledPin, LOW);  // turn the ledPin off
  delay(val);                 // turn led off for same period as it was turned on
}

Discussion
analogRead
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analogRead

potPin
analogRead

See Also

analogRead
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5.7  Changing the Range of Values
Problem

analogRead

Solution
map

val

/*
 * Map sketch
 * map the range of analog values from a pot to scale from 0 to 100
 * resulting in an LED blink rate ranging from 0 to 100 milliseconds.
 * and Pot rotation percent is written to the serial port
*/

const int potPin = 0;          // select the input pin for the potentiometer
int ledPin = 13;               // select the pin for the LED

void setup()
{
  pinMode(ledPin, OUTPUT);     // declare the ledPin as an OUTPUT
  Serial.begin(9600);
}

void loop() {
  int val;                       // The value coming from the sensor
  int percent;                   // The mapped value

  val = analogRead(potPin);        // read the voltage on the pot (val ranges
                                   // from 0 to 1023)
  percent = map(val,0,1023,0,100); // percent will range from 0 to 100.
  digitalWrite(ledPin, HIGH);      // turn the ledPin on
  delay(percent);                  // On time given by percent value
  digitalWrite(ledPin, LOW);       // turn the ledPin off
  delay(100 - percent);            // Off time is 100 minus On time
  Serial.println(percent);         // show the % of pot rotation on Serial Monitor
}
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Discussion

map
analogRead 0 1023

analogRead 0 1023

angle = map(val,0,1023,0,270); // angle of pot derived from analogRead val

0

angle = map(val,0,1023,-135,135); // show angle of 270 degree pot with center
as 0

map

const int empty  = 5000 / 1100; // the voltage is 1.1 volts (1100mv) when empty
const int full   = 5000 / 1500; // the voltage is 1.5 volts (1500mv) when full

int val = analogRead(potPin);               // read the analog voltage
int percent = map(val, empty, full, 0,100); // map the actual range of voltage
to a percent
Serial.println(percent);

analogRead

See Also
map

5.8  Reading More Than Six Analog Inputs
Problem
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Solution

/*
  multiplexer sketch
  read 1 of 8 analog values into single analog input pin with 4051 multiplexer
*/

// array of pins used to select 1 of 8 inputs on multiplexer
const int select[] = {2,3,4};  // array of the pins connected to the 4051 input
select lines
const int analogPin = 0;       // the analog pin connected to the multiplexer
output

// this function returns the analog value for the given channel
int getValue( int channel)
{
   // the following sets the selector pins HIGH and LOW to match the binary
value of channel
   for(int bit = 0; bit < 3; bit++)
   {
      int pin = select[bit]; // the pin wired to the multiplexer select bit
      int isBitSet =  bitRead(channel, bit); // true if given bit set in channel
      digitalWrite(pin, isBitSet);
   }
   return analogRead(analogPin);
}

void setup()
{
  for(int bit = 0; bit < 3; bit++)
    pinMode(select[bit], OUTPUT);  // set the three select pins to output
  Serial.begin(9600);
}

void loop () {
  // print the values for each channel once per second
  for(int channel = 0; channel < 8; channel++)
  {
     int value = getValue(channel);
     Serial.print("Channel ");
     Serial.print(channel);
     Serial.print(" = ");
     Serial.println(value);
  }
  delay (1000);
}
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Discussion

Selector pins Selected input

S2 S1 S0  

0 0 0 0

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7

getValue()
digitalWrite(pin, isBitSet)
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analogRead(analogPin)
bitRead

analog
Read

See Also

5.9  Displaying Voltages Up to 5V
Problem

Solution
AnalogRead
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/*
  Display5vOrless sketch
  prints the voltage on analog pin to the serial port
  Warning - do not connect more than 5 volts directly to an Arduino pin.
*/

const int referenceVolts = 5;      // the default reference on a 5-volt board
const int batteryPin = 0;          // battery is connected to analog pin 0

void setup()
{
   Serial.begin(9600);
}

void loop()
{
   int val = analogRead(batteryPin);  // read the value from the sensor
   float volts = (val / 1023) * referenceVolts;  // calculate the ratio
   Serial.println(volts);  // print the value in volts
}

println
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  const int referenceVolts = 3.3;

analogRead
1023

const int  batteryPin = 0;

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  long val = analogRead(batteryPin);   // read the value from the sensor - note
val is a long int
  Serial.println( (val * (500000/1023)) / 100);  // print the value in millivolts
}

1.5

const int  batteryPin 0;

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  int val = analogRead(batteryPin);  // read the value from the sensor
  Serial.println(val/(1023/5));      // print the integer value of the voltage
  Serial.print('.');
  Serial.println(val % (1023/5));    // print the fraction
}

(1023/5) (int)(1023/3.3)
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Discussion
analogRead()

1023

5.10  Responding to Changes in Voltage
Problem

Solution

analogRead

/*
 RespondingToChanges sketch
 flash an LED to indicate low voltage levels
*/

long warningThreshold  = 1200;  // Warning level in millivolts - LED flashes
long criticalThreshold = 1000;  // Critical voltage level - LED stays on

const int batteryPin = 0;
const int ledPin = 13;

void setup()
{
   pinMode(ledPin, OUTPUT);
}
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void loop()
{
  int val = analogRead(batteryPin);    // read the value from the sensor
  if( val < (warningThreshold  * 1023L)/5000) {
    // in the line above, L following a number makes it a 32 bit value
    flash(val) ;
  }
}

// function to flash an led with on/off time determined by value passed
as percent
void flash(int percent)
{
  digitalWrite(ledPin, HIGH);
  delay(percent + 1);
  digitalWrite(ledPin, LOW);
  delay(100 - percent );  // check delay == 0?
}

Discussion

1023L

int

analog
Read

analogRead

5.11  Measuring Voltages More Than 5V (Voltage Dividers)
Problem

Solution
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Max voltage R1 R2

Calculation

R2(R1 + R2) value of resistorFactor

5 Short (+V connected to
analog pin)

None (Gnd connected to
Gnd)

None 1023

10 1K 1K 1(1 + 1) 511

15 2K 1K 1(2 + 1) 341

20 3K 1K 1(3 + 1) 255

30 4K (3.9K) 1K 1(4 + 1) 170

/*
  DisplayMoreThan5V sketch
  prints the voltage on analog pin to the serial port
  Do not connect more than 5 volts directly to an Arduino pin.
*/

const int referenceVolts = 5;        // the default reference on a 5-volt board
//const float referenceVolts = 3.3;  // use this for a 3.3-volt board

const int R1 = 1000; // value for a maximum voltage of 10 volts
const int R2 = 1000;
// determine by voltage divider resistors, see text
const int resistorFactor = 1023.0 / (R2/(R1 + R2));  
const int batteryPin = 0;         // +V from battery is connected to analog pin 0

5.11  Measuring Voltages More Than 5V (Voltage Dividers) | 163



void setup()
{
   Serial.begin(9600);
}

void loop()
{
   int val = analogRead(batteryPin);  // read the value from the sensor
   float volts = (val / resistorFactor) * referenceVolts ; // calculate the ratio
   Serial.println(volts);  // print the value in volts
}

Discussion
analogRead

analogRead

resistorFactor

const int resistorFactor = 511;    // determine by voltage divider resistors,
see Table 5-3

float volts = (val / resistorFactor) * referenceVolts ;  // calculate the ratio

resistorFactor volts
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CHAPTER 6

Getting Input from Sensors

6.0  Introduction

analogRead

pulseIn

165
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See Also

6.1  Detecting Movement
Problem

Solution

/*
tilt sketch

  a tilt sensor attached to pin 2,
  lights one of the LEDs connected to pins 11 and 12
  depending on which way the sensor is tilted
*/

const int tiltSensorPin = 2;             //pin the tilt sensor is connected to
const int firstLEDPin = 11;              //pin for one LED
const int secondLEDPin = 12;             //pin for the other

void setup()
{
  pinMode (tiltSensorPin, INPUT);        //the code will read this pin
  digitalWrite (tiltSensorPin, HIGH);    // and use a pull-up resistor

  pinMode (firstLEDPin, OUTPUT);         //the code will control this pin
  pinMode (secondLEDPin, OUTPUT);        //and this one
}
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void loop()
{
  if (digitalRead(tiltSensorPin)){       //check if the pin is high
    digitalWrite(firstLEDPin, HIGH);     //if it is high turn on firstLED
    digitalWrite(secondLEDPin, LOW);     //and turn off secondLED
  }
  else{                                  //if it isn't
    digitalWrite(firstLEDPin, LOW);      //do the opposite
    digitalWrite(secondLEDPin, HIGH);
  }
}

Discussion
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/*
  shaken sketch
  tilt sensor connected to pin 2
  led connected to pin 13
*/

const int tiltSensorPin = 2;
const int ledPin = 13;
int tiltSensorPreviousValue = 0;
int tiltSensorCurrentValue = 0;
long lastTimeMoved = 0;
int shakeTime=50;

void setup()
{
  pinMode (tiltSensorPin, INPUT);
  digitalWrite (tiltSensorPin, HIGH);
  pinMode (ledPin, OUTPUT);
}

void loop()
{
  tiltSensorCurrentValue=digitalRead(tiltSensorPin);
  if (tiltSensorPreviousValue != tiltSensorCurrentValue){
    lastTimeMoved = millis();
    tiltSensorPreviousValue = tiltSensorCurrentValue;
  }

  if (millis() - lastTimeMoved < shakeTime){
    digitalWrite(ledPin, HIGH);
  }
  else{
    digitalWrite(ledPin, LOW);
  }
}

See Also

millis
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6.2  Detecting Light
Problem

Solution

Discussion
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6.3  Detecting Motion (Integrating Passive Infrared Detectors)
Problem

Solution
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/*
   PIR sketch
   a Passive Infrared motion sensor connected to pin 2
   lights the LED on pin 13
*/

const int ledPin = 13;            // choose the pin for the LED
const int inputPin = 2;           // choose the input pin (for the PIR sensor)

void setup() {
  pinMode(ledPin, OUTPUT);         // declare LED as output
  pinMode(inputPin, INPUT);        // declare pushbutton as input
}

void loop(){
  int val = digitalRead(inputPin);  // read input value
  if (val == HIGH)                  // check if the input is HIGH
  {
    digitalWrite(ledPin, HIGH);     // turn LED on if motion detected
    delay(500);
    digitalWrite(ledPin, LOW);      // turn LED off
  }
}

Discussion

HIGH
HIGH LOW

LOW LOW

LOW

  if (val == LOW)                  // motion when the input is LOW
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6.4  Measuring Distance
Problem

Solution

/* Ping))) Sensor
 * prints distance and changes LED flash rate
 * depending on distance from the Ping))) sensor
 */

const int pingPin = 5;
const int ledPin  = 13; // pin connected to LED

void setup()
{
  Serial.begin(9600);
  pinMode(ledPin, OUTPUT);
}

void loop()
{
  int cm = ping(pingPin) ;
  Serial.println(cm);
  digitalWrite(ledPin, HIGH);
  delay(cm * 10 ); // each centimeter adds 10 milliseconds delay
  digitalWrite(ledPin, LOW);
  delay( cm * 10);
}

// following code based on  http://www.arduino.cc/en/Tutorial/Ping
// returns the distance in cm
int ping(int pingPin)
{
  // establish variables for duration of the ping,
  // and the distance result in inches and centimeters:
  long duration, cm;

  // The PING))) is triggered by a HIGH pulse of 2 or more microseconds.
  // Give a short LOW pulse beforehand to ensure a clean HIGH pulse:
  pinMode(pingPin, OUTPUT);
  digitalWrite(pingPin, LOW);
  delayMicroseconds(2);
  digitalWrite(pingPin, HIGH);
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  delayMicroseconds(5);
  digitalWrite(pingPin, LOW);

  pinMode(pingPin, INPUT);
  duration = pulseIn(pingPin, HIGH);

  // convert the time into a distance
  cm = microsecondsToCentimeters(duration);
  return cm ;
}

long microsecondsToCentimeters(long microseconds)
{
  // The speed of sound is 340 m/s or 29 microseconds per centimeter.
  // The ping travels out and back, so to find the distance of the
  // object we take half of the distance travelled.
  return microseconds / 29 / 2;
}

Discussion

pingPin HIGH

pulseIn
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/*
 * EZ1Rangefinder Distance Sensor
 * prints distance and changes LED flash rate
 * depending on distance from the Ping))) sensor
 */

const int sensorPin = 5;
const int ledPin  = 13; // pin connected to LED

long value = 0;
int cm = 0;
int inches = 0;

void setup()
{
  Serial.begin(9600);
  pinMode(ledPin, OUTPUT);
}

void loop()
{
  value = pulseIn(sensorPin, HIGH) ;
  cm = value / 58;        // pulse width is 58 microseconds per cm
  inches = value / 147;   // which is 147 microseconds per inch
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  Serial.print(cm);
  Serial.print(',');
  Serial.println(inches);

  digitalWrite(ledPin, HIGH);
  delay(cm * 10 ); // each centimeter adds 10 milliseconds delay
  digitalWrite(ledPin, LOW);
  delay( cm * 10);

  delay(20);
}

pulseIn

analogRead

   value = analogRead(0);
   inches = value / 2;   // each digit of analog read is around 5mv
   Serial.println(inches);

analogRead
analogRead

   value = analogRead(0);
   float mv = (value /1024.0) * 5000 ;
   float Inches  =  mv / 9.8; // 9.8mv per inch
   Serial.println(Inches) ;

See Also
analogInput

pulseIn

6.5  Measuring Distance Accurately
Problem
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Solution

analogRead

/* ir-distance sketch
 * prints distance and changes LED flash rate based on distance from IR sensor
 */

const int ledPin    = 13; // the pin connected to the LED to flash
const int sensorPin = 0;  // the analog pin connected to the sensor

const long referenceMv = 5000; // long int to prevent overflow when multiplied

void setup()
{
  Serial.begin(9600);
  pinMode(ledPin, OUTPUT);
}

void loop()
{
  int val = analogRead(sensorPin);
  int mV = (val * referenceMv) / 1023;

  Serial.print(mV);
  Serial.print(",");
  int cm = getDistance(mV);
  Serial.println(cm);

  digitalWrite(ledPin, HIGH);
  delay(cm * 10 ); // each centimeter adds 10 milliseconds delay
  digitalWrite(ledPin, LOW);
  delay( cm * 10);

  delay(100);
}

// the following is used to interpolate the distance from a table
// table entries are distances in steps of 250 millivolts
const int NBR_ELEMS = 10;
const int firstElement = 250; // first entry is 250 mV
const int interval  = 250; // millivolts between each element
static int distance[TABLE_ENTRIES] = {150,140,130,100,60,50,40,35,30,25,20,15};

int getDistance(int mV)
{
   if( mV >  INTERVAL * TABLE_ENTRIES )
      return distance[TABLE_ENTRIES-1];
   else
   {
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      int index = mV / INTERVAL;
      float frac = (mV % 250) / (float)INTERVAL;
      return distance[index] - ((distance[index] - distance[index+1]) * frac);
   }
}

Discussion

analogRead

int getDistance(int mV)
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   if( mV >  INTERVAL * TABLE_ENTRIES )
      return distance[TABLE_ENTRIES-1]; //TABLE_ENTRIES-1 is last valid entry

int index = mV / INTERVAL ;

float frac = (mV % 250) / (float)INTERVAL;

return distance[index] + (distance[index]* (frac / interval));

getDistance

frac

setup()

loop()
Progmem

See Also
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6.6  Detecting Vibration
Problem

Solution

/* piezo sketch
 * lights and LED when the Piezo is tapped
 */

const int sensorPin = 0;  // the analog pin connected to the sensor
const int ledPin  = 13;     // pin connected to LED
const int THRESHOLD = 100;

void setup()
{
   pinMode(ledPin, OUTPUT);
}

void loop()
{
  int val = analogRead(sensorPin);
  if (val >= THRESHOLD)
  {
    digitalWrite(ledPin, HIGH);
    delay(100);  // to make the LED visible
  }
  else
    digitalWrite(ledPin, LOW);
}

Discussion
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analogRead
analogRead THRESHOLD

6.7  Detecting Sound
Problem

Solution
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/*
microphone sketch

SparkFun breakout board for Electret Microphone is connected to analog pin 0
*/

const int ledPin = 13;            //the code will flash the LED in pin 13
const int middleValue = 512;      //the middle of the range of analog values
const int numberOfSamples = 128;  //how many readings will be taken each time

int sample;                       //the value read from microphone each time
long signal;                      //the reading once you have removed DC offset
long averageReading;              //the average of that loop of readings

long runningAverage=0;          //the running average of calculated values
const int averagedOver= 16;     //how quickly new values affect running average
                                //bigger numbers mean slower

const int threshold=400;        //at what level the light turns on

void setup() {
  pinMode(ledPin, OUTPUT);
  Serial.begin(9600);
}

void loop() {
  long sumOfSquares = 0;
  for (int i=0; i<numberOfSamples; i++) { //take many readings and average them
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    sample = analogRead(0);               //take a reading
    signal = (sample - middleValue);      //work out its offset from the center
    signal *= signal;                     //square it to make all values positive
    sumOfSquares += signal;               //add to the total
  }
  averageReading = sumOfSquares/numberOfSamples;     //calculate running average
  runningAverage=(((averagedOver-1)*runningAverage)+averageReading)/averagedOver;

  if (runningAverage>threshold){         //is average  more than the threshold ?
    digitalWrite(ledPin, HIGH);          //if it is turn on the LED
  }else{
    digitalWrite(ledPin, LOW);           //if it isn't turn the LED off
  }
  Serial.println(runningAverage);        //print the value so you can check it
}

Discussion

analogRead
analogRead
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analogRead
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numberOfSamples

numberOfSamples averaged
Over

6.8  Measuring Temperature
Problem

Solution

/*
  lm35 sketch
 prints the temperature to the Serial Monitor
 */

const int inPin = 0; // analog pin

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  int value = analogRead(inPin);
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  Serial.print(value); Serial.print(" > ");
  float millivolts = (value / 1024.0) * 5000;
  float celsius = millivolts / 10;  // sensor output is 10mV per degree Celsius
  Serial.print(celsius);
  Serial.print(" degrees Celsius, ");

  Serial.print( (celsius * 9)/ 5 + 32 );  //  converts to fahrenheit
  Serial.println(" degrees Fahrenheit");

  delay(1000); // wait for one second

}

Discussion

analogRead

const int inPin = 0;  // sensor connected to this analog pin
const int outPin = 13; //2; // digital output pin

const int threshold = 25; // the degrees celsius that will trigger the output pin

186 | Chapter 6:ಗGetting Input from Sensors



void setup()
{
  Serial.begin(9600);
  pinMode(outPin, OUTPUT);
}

void loop()
{
  int value = analogRead(inPin);
  long celsius =  (value * 500L) /1024;     // 10 mV per degree c, see text
  Serial.print(celsius);
  Serial.print(" degrees Celsius: ");
  if(celsius > threshold)
  {
     digitalWrite(outPin, HIGH);
     Serial.println("pin is on");
  }
  else
  {
     digitalWrite(outPin, LOW);
     Serial.println("pin is off");
  }
  delay(1000); // wait for one second
}

float  f = (celsius * 9)/ 5 + 32 );

6.9  Reading RFID Tags
Problem

Solution
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/*
 RFID sketch
 Displays the value read from an RFID tag
 */

const int startByte   = 10;  // ASCII line feed precedes each tag
const int endByte    = 13;   // ASCII carriage return terminates each tag
const int tagLength   = 10;  // the number of digits in tag
const int totalLength = tagLength + 2; //tag length + start and end bytes

char tag[tagLength + 1];  // holds the tag and a terminating null

int bytesread = 0;

void setup()
{
  Serial.begin(2400);    // set this to the baud rate of your RFID reader
  pinMode(2,OUTPUT);     // connected to the RFID ENABLE pin
  digitalWrite(2, LOW);  // enable the RFID reader
}

void loop()
{
  if(Serial.available() >= totalLength)  // check if there's enough data
  {
    if(Serial.read() == startByte)
    {
      bytesread = 0;                // start of tag so reset count to 0
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      while(bytesread < tagLength)  // read 10 digit code
      {
        int val = Serial.read();
        if((val == startByte)||(val == endByte))  // check for end of code
          break;
        tag[bytesread] = val;
         bytesread = bytesread + 1; // ready to read next digit
      }
      if( Serial.read() == endByte)  // check for the correct end character
      {
        tag[bytesread] = 0; // terminate the string
        Serial.print("RFID tag is: ");
        Serial.println(tag);
      }
    }
  }
}

Discussion

if( Serial.read() == endByte)  // check for the correct end character
      {
        tag[bytesread] = 0; // terminate the string
        long tagValue = atol(tag);  // convert the ASCII tag to a long integer
        Serial.print("RFID tag is: ");
        Serial.println(tagValue);
      }

if( Serial.read() == endByte)  // check for the correct end character
{
  tag[bytesread] = 0; // terminate the string
  long tagValue = atol(tag);  // convert the ASCII tag to a long integer
  if (tagValue == lastTagValue)
  {
    Serial.print("RFID tag is: ");
    Serial.println(tagValue);
    lasTagValue = tagValue;
  }
}
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lastTagValue

Long lastTagValue=0;

6.10  Tracking the Movement of a Dial
Problem

Solution

/*
 Read a rotary encoder
 This simple version polls the encoder pins
 The position is displayed on the Serial Monitor
 */

const int encoderPinA = 4;
const int encoderPinB = 2;
const int encoderStepsPerRevolution=16;
int angle = 0;

int val;

int encoderPos = 0;
boolean encoderALast = LOW;  // remembers the previous pin state

void setup()
{
  pinMode(encoderPinA, INPUT);
  pinMode(encoderPinB, INPUT);
  digitalWrite(encoderPinA, HIGH);
 digitalWrite(encoderPinB, HIGH);
  Serial.begin (9600);
}

void loop()
{
  boolean encoderA = digitalRead(encoderPinA);

190 | Chapter 6:ಗGetting Input from Sensors



if ((encoderALast == HIGH) && (encoderA == LOW))
  {
    if (digitalRead(encoderPinB) == LOW)
    {
      encoderPos--;
    }
    else
    {
      encoderPos++;
    }
    angle=(encoderPos % encoderStepsPerRevolution)*360/encoderStepsPerRevolution;
    Serial.print (encoderPos);
    Serial.print (" ");
    Serial.println (angle);
  }

  encoderALast = encoderA;
}

Discussion

HIGH LOW
HIGH LOW

HIGH LOW
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loop

int encoderA = digitalRead(encoderPinA);

LOW

if ((encoderALast == HIGH) && (encoderA == LOW))

loop encoderALast

true

if ((encoderALast == HIGH) && (encoderA == LOW))

encoderPos

HIGH LOW

 const int encoderStepsPerRevolution=16;

LOW HIGH

if ((encoderALast == LOW) && (encoderA == HIGH))
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6.11  Tracking the Movement of More Than One Rotary Encoder
Problem

Solution

/*
    RotaryEncoderMultiPoll
 This sketch has two encoders connected.
 One is connected to pins 2 and 3
 The other is connected to pins 4 and 5
 */

const int  ENCODERS = 2; // the number of encoders

const int encoderPinA[ENCODERS] = {2,4};     // encoderA pins on 2 and 4
const int encoderPinB[ENCODERS] = {3,5};     // encoderB pins on 3 and 5
int encoderPos[ ENCODERS] = { 0,0};          // initialize the positions to 0
boolean encoderALast[ENCODERS] = { LOW,LOW}; // holds last state of encoderA pin

void setup()
{
  for (int i=2; i<6; i++){
    pinMode(i, HIGH);
    digitalWrite(i, HIGH);
  }
  Serial.begin (9600);
}

int updatePosition( int encoderIndex)
{
  boolean encoderA = digitalRead(encoderPinA[encoderIndex]);
  if ((encoderALast[encoderIndex] == HIGH) && (encoderA == LOW))
  {
    if (digitalRead(encoderPinB[encoderIndex]) == LOW)
    {
      encoderPos[encoderIndex]--;
    }
    else
    {
      encoderPos[encoderIndex]++;
    }
    Serial.print("Encoder ");
    Serial.print(encoderIndex,DEC);
    Serial.print("=");
    Serial.print (encoderPos[encoderIndex]);
    Serial.println ("/");
  }
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  encoderALast[encoderIndex] = encoderA;
}

void loop()
{
  for(int i=0; i < ENCODERS;i++)
  {
    updatePosition(i);
  }
}

Discussion

for
ENCODERS

LOW HIGH

if ((encoderALast[encoderIndex] == HIGH) && (encoderA == LOW))
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if ((encoderALast[encoderIndex] == LOW) && (encoderA == HIGH))

6.12  Tracking the Movement of a Dial in a Busy Sketch
Problem

Solution

/*
  RotaryEncoderInterrupt sketch
 */

const int encoderPinA = 2;
const int encoderPinB = 4;
int Pos, oldPos;
volatile int encoderPos = 0; // variables changed within interrupts are volatile

void setup()
{
  pinMode(encoderPinA, INPUT);
  pinMode(encoderPinB, INPUT);
  digitalWrite(encoderPinA, HIGH);
  digitalWrite(encoderPinB, HIGH);
  Serial.begin(9600);

  attachInterrupt(0, doEncoder, FALLING); // encoder pin on interrupt 0 (pin 2)
}

void loop()
{
  uint8_t oldSREG = SREG;

  cli();
  Pos = encoderPos;
  SREG = oldSREG;
  if(Pos != oldPos)
  {
    Serial.println(Pos,DEC);
    oldPos = Pos;
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  }
   Delay(1000);
}

void doEncoder()
{
  if (digitalRead(encoderPinA) == digitalRead(encoderPinB))
    encoderPos++;    // count up if both encoder pins are the same
  else
    encoderPos--;    //count down if pins are different
}

Pos

Discussion

attachInterrupt(0, doEncoder, FALLING);

doEncoder

RISING CHANGE

doEncoder
encoderPos

RISING FALLING

encoderPos
volatile
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volatile

uint8_t oldSREG = SREG;

  cli();
  Pos = encoderPos;
  SREG = oldSREG;

SREG cli
SREG

6.13  Using a Mouse
Problem

Solution

/*
   Mouse
   an arduino sketch using ps2 mouse library
   see: http://www.arduino.cc/playground/ComponentLib/Ps2mouse
 */

// mouse library from :  http://www.arduino.cc/playground/ComponentLib/Ps2mouse
#include <ps2.h>

const int dataPin =  5
const int clockPin = 6;

const int xLedPin  = 9;
const int yLedPin  = 11;
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const int mouseRange = 255;  // the maximum range of x/y values

int xPosition = 0;      // values incremented and decremented when mouse moves
int yPosition = 0;
int xBrightness = 128;  // values increased and decreased based on mouse position
int yBrightness = 128;

const byte REQUEST_DATA = 0xeb; // command to get data from the mouse

PS2 mouse(clockPin, dataPin);

void setup()
{
  Serial.begin(115200);  // note the higher than usual serial speed
  mouseBegin();
}

// get a reading from mouse and report it back to the host via the serial line
void loop()
{
  char x;      // values read from the mouse
  char y;
  byte status;

  // get a reading from the mouse
  mouse.write(REQUEST_DATA); // ask the mouse for data
  mouse.read();      // ignore ack
  status = mouse.read(); // read the mouse buttons
  if(status & 1) // this bit is set if the left mouse btn pressed
    xPosition = 0; // center the mouse x position
  if(status & 2) // this bit is set if the right mouse btn pressed
    yPosition = 0; // center the mouse y position

  x = mouse.read();
  y = mouse.read();
  if( x != 0 || y != 0)
  {
    // here if there is mouse movement

    xPosition = xPosition + x; // accumulate the position
    xPosition = constrain(xPosition,-mouseRange,mouseRange);

    xBrightness = map(xPosition, -mouseRange, mouseRange, 0,255);
    analogWrite(xLedPin, xBrightness);

    yPosition = constrain(yPosition + y, -mouseRange,mouseRange);
    yBrightness = map(yPosition, -mouseRange, mouseRange, 0,255);
    analogWrite(yLedPin, yBrightness);
  }
}

void mouseBegin()
{
  // reset and initialize the mouse
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  mouse.write(0xff);         // reset
  delayMicroseconds(100);
  mouse.read();              // ack byte
  mouse.read();              // blank
  mouse.read();              // blank
  mouse.write(0xf0);         // remote mode
  mouse.read();              // ack
  delayMicroseconds(100);
}

Discussion

mouseBegin

mouse.write
mouse.read

mouse.read
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mouse.read

HIGH status
HIGH

  status = mouse.read(); // read the mouse buttons
  if(status & 1) // rightmost bit is set if the left mouse btn pressed
    xPosition = 0; // center the mouse x position
  if(status & 2) // this bit is set if the right mouse btn pressed
    yPosition = 0; // center the mouse y position

x y
xPosition yPosition

x y

mouseRange constrain

   xPosition = xPosition + x; // accumulate the position
   xPosition = constrain(xPosition,-mouseRange,mouseRange);

yPosition
y constrain

    yPosition = constrain(yPosition + y,-mouseRange,mouseRange);

xPosition yPosition

analogWrite

analogWrite

    printValues(); // show button and x and y values on Serial Monitor

void printValues()
{
    Serial.println(status, BIN);

    Serial.print("X=");
    Serial.print(x,DEC);
    Serial.print(", position= ");
    Serial.print(xPosition);
    Serial.print(", brightness= ");
    Serial.println(xBrightness);
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    Serial.print("Y=");
    Serial.print(y,DEC);
    Serial.print(", position= ");
    Serial.print(yPosition);
    Serial.print(", brightness= ");
    Serial.println(yBrightness);
    Serial.println();
}

6.14  Getting Location from a GPS
Problem

Solution

encode()

get_position()
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// A simple sketch to detect the Southern Hemisphere
// Assumes: LED on pin 13, GPS connected to Hardware Serial pins 0/1

#include "TinyGPS.h"
TinyGPS gps; // create a TinyGPS object

#define HEMISPHERE_PIN 13
void setup()
{

  Serial.begin(4800); // GPS devices frequently operate at 4800 baud
  pinMode(HEMISPHERE_PIN, OUTPUT);
  digitalWrite(HEMISPHERE_PIN, LOW); // turn off LED to start
}

void loop()
{
  while (Serial.available())
  {
    int c = Serial.read();

    // Encode() each byte
    // Check for new position if encode() returns "True"
    if (gps.encode(c))
    {
      long lat, lon;
      gps.get_position(&lat, &lon);
      if (lat < 0) // Southern Hemisphere?
        digitalWrite(HEMISPHERE_PIN, HIGH);
      else
        digitalWrite(HEMISPHERE_PIN, LOW);
    }
  }
}

encode() true
encode()

get_position()

get_position()

202 | Chapter 6:ಗGetting Input from Sensors



Discussion

EM-406A line Arduino pin

GND Gnd

VIN +Vcc

RX TX (pin 1)

TX RX (pin 0)

GND Gnd

// Another simple sketch to detect the Southern Hemisphere
// Assumes: LED on pin 13, GPS connected to pins 2/3
// (Optional) Serial debug console attached to hardware serial port 0/1

#include "TinyGPS.h"
#include "NewSoftSerial.h"
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#define HEMISPHERE_PIN 13
#define GPS_RX_PIN 2
#define GPS_TX_PIN 3

TinyGPS gps; // create a TinyGPS object
NewSoftSerial nss(GPS_RX_PIN, GPS_TX_PIN); // create soft serial object

void setup()
{

  Serial.begin(9600); // for debugging
  nss.begin(4800); // Use NewSoftSerial object to talk to GPS
  pinMode(HEMISPHERE_PIN, OUTPUT);
  digitalWrite(HEMISPHERE_PIN, LOW); // turn off LED to start
}

void loop()
{
  while (nss.available())
  {
    int c = nss.read();

    Serial.print(c, BYTE); // display NMEA data for debug

    // Send each byte to encode()
    // Check for new position if encode() returns "True"
    if (gps.encode(c))
    {
      long lat, lon;
      gps.get_position(&lat, &lon);

      // Display new lat/lon on debug console
      Serial.print("Lat: "); Serial.print(lat);
      Serial.print(" Lon: "); Serial.println(lon);

      if (lat < 0) // Southern Hemisphere?
        digitalWrite(HEMISPHERE_PIN, HIGH);
      else
        digitalWrite(HEMISPHERE_PIN, LOW);
    }
}
}
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get_position()
fix_age

long get_position()

0xFFFFFFFF
GPS_INVALID_AGE

GPS_INVALID_ANGLE

fix_age

fix_age

fix_age
get_position() fix_age

   long lat, lon;
    unsigned long fix_age;
    gps.get_position(&lat, &lon, &fix_age);
    if (fix_age == TinyGPS::INVALID_AGE)
      Serial.println("No fix ever detected!");
    else if (fix_age > 2000)
      Serial.println("Data is getting STALE!");
    else
      Serial.println("Latitude and longitude valid!");

See Also
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6.15  Detecting Rotation Using a Gyroscope
Problem

Solution
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/*
  gyro sketch
  displays the rotation rate on the Serial Monitor
 */

const int inputPin = 0;      // analog input 0
const int powerDownPin = 15; // analog input 1 is digital input 15

int rotationRate = 0;

void setup()
{
  Serial.begin(9600);           // sets the serial port to 9600
  pinMode(powerDownPin, OUTPUT);
  digitalWrite(powerDown, LOW);  // gyro not in power down mode
}

void loop()
{
  rotationRate = analogRead(inputPin);       // read the gyro output
  Serial.print("rotation rate is ");
  Serial.println(rotation rate);
  delay(100);              // wait 100ms for next reading
}

Discussion
powerDownPin LOW

setup

loop
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6.16  Detecting Direction
Problem

Solution

/*
  HM55bCompass sketch
  uses 'software SPI' serial protocol implemented using Arduino bit functions
  (see Chapter 3)
  prints compass angle to Serial Monitor
 */

const int enablePin = 2;
const int clockPin  = 3;
const int dataPin   = 4;

// command codes (from HM55B data sheet)
const byte COMMAND_LENGTH = 4;        // the number of bits in a command
const byte RESET_COMMAND = B0000;     // reset the chip
const byte MEASURE_COMMAND = B1000;   // start a measurement
const byte READ_DATA_COMMAND = B1100; // read data and end flag
const byte MEASUREMENT_READY = B1100; // value returned when measurement complete

int angle;

void setup()
{
  Serial.begin(9600);
  pinMode(enablePin, OUTPUT);
  pinMode(clockPin, OUTPUT);
  pinMode(dataPin, INPUT);
  reset();  // reset the compass module
}

void loop()
{
  startMeasurement();
  delay(40); // wait for the data to be ready
  if (readStatus()==MEASUREMENT_READY);  // check if the data is ready
  {
    angle = readMeasurement();          //read measurement and calculate angle
    Serial.print("Angle = ");
    Serial.println(angle); // print angle
  }
  delay(100);
}

208 | Chapter 6:ಗGetting Input from Sensors



void reset()
{
  pinMode(dataPin, OUTPUT);
  digitalWrite(enablePin, LOW);
  serialOut(RESET_COMMAND, COMMAND_LENGTH);
  digitalWrite(enablePin, HIGH);
}

void startMeasurement()
{
  pinMode(dataPin, OUTPUT);
  digitalWrite(enablePin, LOW);
  serialOut(MEASURE_COMMAND, COMMAND_LENGTH);
  digitalWrite(enablePin, HIGH);
}

int readStatus()
{
  int result = 0;
  pinMode(dataPin, OUTPUT);
  digitalWrite(enablePin, LOW);
  serialOut(READ_DATA_COMMAND, COMMAND_LENGTH);
  result = serialIn(4);
  return result;   // returns the status
}

int readMeasurement()
{
  int X_Data = 0;
  int Y_Data = 0;
  int calcAngle = 0;
  X_Data = serialIn(11); // Field strength in X
  Y_Data = serialIn(11); // and Y direction
  digitalWrite(enablePin, HIGH); // deselect chip
  calcAngle = atan2(-Y_Data , X_Data) / M_PI * 180; // angle is atan(-y/x)
  if(calcAngle < 0)
    calcAngle = calcAngle + 360; // angle from 0 to 259 instead of plus/minus 180
  return calcAngle;
}

void serialOut(int value, int numberOfBits)
{
  for(int i = numberOfBits; i > 0; i--) // shift the MSB first
  {
    digitalWrite(clockPin, LOW);
    if(bitRead(value, i-1) == 1)
      digitalWrite(dataPin, HIGH);
    else
      digitalWrite(dataPin, LOW);
    digitalWrite(clockPin, HIGH);
  }
}

int serialIn(int numberOfBits)
{
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  int result = 0;

  pinMode(dataPin, INPUT);
  for(int i = numberOfBits; i > 0; i--) // get the MSB first
  {
    digitalWrite(clockPin, HIGH);
    if (digitalRead(dataPin) == HIGH)
      result = (result << 1) + 1;
    else
      result = (result << 1) + 0;
    digitalWrite(clockPin, LOW);
  }

  // the following converts the result to a twos-complement negative number
  // if the most significant bit in the 11 bit data is 1
  if(bitRead(result, 11) == 1)
    result = (B11111000 << 8) | result; // twos complement negation

  return result;
}
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Discussion

serialIn() serialOut()

reset()
setup() startMeasurement()

readStatus() 0
12

X_Data Y_Data

X_Data Y_Data

angle = 180 * (atan2(-1 * Y_Data , X_Data) / M_PI);

#include <Servo.h>
Servo myservo;

setup

  myservo.attach(8);

loop

    angle = constrain(angle, 0,180); // the servo is driven only up to 180
degrees
    myservo.write(angle);

6.17  Getting Input from a Game Control Pad (PlayStation)
Problem

6.17  Getting Input from a Game Control Pad (PlayStation) | 211



Solution

/*
 * PSX sketch
 *
 * Display joystick and button values
 * uses PSX library written by Kevin Ahrendt
 * http://www.arduino.cc/playground/Main/PSXLibrary
 */

#include <wProgram.h>
#include <Psx.h>                       // Includes the Psx Library

Psx Psx;                               // Create an instance of the Psx library
const int dataPin  = 5;
const int cmndPin  = 4;
const int attPin   = 3;
const int clockPin = 2;
const int psxDelay = 50;         // determine the clock delay in microseconds

unsigned int data = 0;           // data stores the controller response

void setup()
{
  // initialize the Psx library
  Psx.setupPins(dataPin, cmndPin, attPin, clockPin, psxDelay);
  Serial.begin(9600); // results will be displayed on the Serial Monitor
}
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void loop()
{
  data = Psx.read();        // get the psx controller button data

  // check the button bits to see if a button is pressed
  if(data & psxLeft)
    Serial.println("left button");
  if(data & psxDown)
    Serial.println("down button");
  if(data & psxRight)
    Serial.println("right button");
  if(data & psxUp)
    Serial.println("up button");
  if(data & psxStrt)
    Serial.println("start button");
  if(data & psxSlct)
    Serial.println("select button");

  delay(100);
}

Discussion

See Also

6.18  Reading Acceleration
Problem
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Solution
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/*
  accel sketch
  simple sketch to output values on the x- and y-axes
  */

const int xPin = 0;  // analog input pins
const int yPin = 1;

void setup()
{
  Serial.begin(9600);  // note the higher than usual serial speed
}

void loop()
{
int xValue;  // values from accelerometer stored here
int yValue;

    xValue = analogRead(xPin);
    yValue = analogRead(yPin);

    Serial.print("X value = ");
    Serial.println(xValue);

    Serial.print("Y value = ");
    Serial.println(yValue);
    delay(100);
}

Discussion

See Also
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CHAPTER 7

Visual Output

7.0  Introduction

digitalWrite
analogWrite

Digital Output

digitalWrite(outputPin, value)
outputPin value HIGH

LOW

pinMode(outputPin, OUTPUT)

Analog Output

analogWrite

analogWrite
analogWrite
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analogWrite

Controlling Light
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LED specifications

Parameter Symbol Rating Units Comment

Forward current If 25 mA The maximum continuous current for this LED

Peak forward current (1/10 duty @
1 KHz)

If 160 mA The maximum pulsed current (given here for a
pulse that is 1/10 on and 9/10 off)

Parameter Symbol Rating Units Comment

Luminous intensity Iv 2 mcd If = 2 mA - brightness with 2 mA current

Iv 40 mcd If = 20 mA - brightness with 20 mA current

Viewing angle  120 Degrees The beam angle

Wavelength  620 nm The dominant or peak wavelength (color)

Forward voltage Vf 1.8 Volts The voltage across the LED when on
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Multiplexing

7.1  Connecting and Using LEDs
Problem

Solution
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/*
 LEDs sketch
 Blink three LEDs each connected to a different digital pin
 */

const int firstLedPin  = 3;        // choose the pin for each of the LEDs
const int secondLedPin = 5;
const int thirdLedPin  = 6;

void setup()
{
  pinMode(firstLedPin, OUTPUT);     // declare LED pins as output
  pinMode(secondLedPin, OUTPUT);    // declare LED pins as output
  pinMode(thirdLedPin, OUTPUT);     // declare LED pins as output
}

void loop()
{
  // flash each of the LEDs for 1000 milliseconds (1 second)
  blinkLED(firstLedPin, 1000);
  blinkLED(secondLedPin, 1000);
  blinkLED(thirdLedPin, 1000);
}
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// blink the LED on the given pin for the duration in milliseconds
void blinkLED(int pin, int duration)
{
  digitalWrite(pin, HIGH);     // turn LED on
  delay(duration);
  digitalWrite(pin, LOW);      // turn LED off
  delay(duration);
}

setup loop
blinkLED blinkLED
HIGH

Discussion

HIGH

LOW
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See Also

7.2  Adjusting the Brightness of an LED
Problem

Solution

/*
 * LedBrightness sketch
 * controls the brightness of LEDs on analog output ports
*/

const int firstLed   = 3;        // specify the pin for each of the LEDs
const int secondLed  = 5;
const int thirdLed   = 6;

int brightness = 0;
int increment = 1;

void setup()
{
  // pins driven by analogWrite do not need to be declared as outputs
}

void loop()
{
  if(brightness > 255)
  {
     increment = -1; // count down after reaching 255
  }
  else if(brightness < 1)
  {
    increment =  1; // count up after dropping back down to 0
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  }
  brightness = brightness + increment; // increment (or decrement sign is minus)

  // write the brightness value to the LEDs
  analogWrite(firstLed, brightness);
  analogWrite(secondLed, brightness);
  analogWrite(thirdLed, brightness );

  delay(10); // 10ms for each step change means 2.55 secs to fade up or down
}

Discussion

analogWrite digitalWrite analogWrite

brightness
analogWrite

analogWrite 0

brightness
increment

See Also

7.3  Driving High-Power LEDs
Problem

Solution
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Discussion

HIGH digitalWrite

7.3  Driving High-Power LEDs | 225



See Also

7.4  Adjusting the Color of an LED
Problem

Solution
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/*
 * RGB_LEDs sketch
 * RGB LEDs driven from analog output ports
*/

const int redPin   = 3;        // choose the pin for each of the LEDs
const int greenPin = 5;
const int bluePin  = 6;
const boolean invert = true; // set true if common anode, false if common cathode

int color = 0; // a value from 0 to 255 representing the hue
int R, G, B;  // the Red Green and Blue color components

void setup()
{
  // pins driven by analogWrite do not need to be declared as outputs
}

void loop()
{
  int brightness = 255; // 255 is maximum brightness
  hueToRGB( color, brightness);  // call function to convert hue to RGB
  // write the RGB values to the pins
  analogWrite(redPin, R);
  analogWrite(greenPin, G);
  analogWrite(bluePin, B );

  color++;           // increment the color
  if(color > 255)    //
     color = 0;
       delay(10);
}

// function to convert a color to its Red, Green, and Blue components.

void hueToRGB( int hue, int brightness)
{
    unsigned int scaledHue = (hue * 6);
    unsigned int segment = scaledHue / 256; // segment 0 to 5 around the color
wheel
    unsigned int segmentOffset = scaledHue - (segment * 256); // position within
the segment

    unsigned int complement = 0;
    unsigned int prev = (brightness * ( 255 -  segmentOffset)) / 256;
    unsigned int next = (brightness *  segmentOffset) / 256;
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  if(invert)
    {
      brightness = 255-brightness;
      complement = 255;
      prev = 255-prev;
      next = 255-next;
    }

    switch(segment ) {
    case 0:      // red
     R = brightness;
         G = next;
     B = complement;
    break;
    case 1:     // yellow
    R = prev;
    G = brightness;
    B = complement;
    break;
    case 2:     // green
    R = complement;
    G = brightness;
    B = next;
    break;
    case 3:    // cyan
    R = complement;
    G = prev;
    B = brightness;
    break;
    case 4:    // blue
    R = next;
    G = complement;
    B = brightness;
    break;
   case 5:      // magenta
    default:
    R = brightness;
    G = complement;
    B = prev;
    break;
    }
}

Discussion

hueToRGB

case case
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brightness

  int brightness = map( analogRead(0),0,1023, 0, 255);  // get brightness from sensor

brightness

See Also

7.5  Sequencing Multiple LEDs: Creating a Bar Graph
Problem

Solution
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/*
  Bargraph sketch

 Turns on a series of LEDs proportional to a value of an analog sensor.
 Six LEDs are controlled but you can change the number of LEDs by changing
 the value of NbrLEDs and adding the pins to the ledPins array
 */

const int NbrLEDs = 6;
const int ledPins[] = { 2, 3, 4, 5, 6, 7};
const int analogInPin = 0;   // Analog input pin connected to the variable
resistor
const int wait = 30;

// Swap values of the following two constants if cathodes are connected to Gnd
const boolean LED_ON = LOW;
const boolean LED_OFF = HIGH;

int sensorValue = 0;        // value read from the sensor
int ledLevel = 0;           // sensor value converted into LED 'bars'

void setup() {
  for (int led = 0; led < NbrLEDs; led++)
  {
    pinMode(ledPins[led], OUTPUT);  // make all the LED pins outputs
  }
}

void loop() {
  sensorValue = analogRead(analogInPin);             // read the analog in value
  ledLevel = map(sensorValue, 0, 1023, 0, NbrLEDs);  // map to the number of LEDs
  for (int led = 0; led < NbrLEDs; led++)
  {
    if (led < ledLevel ) {
      digitalWrite(ledPins[led], LED_ON);     // turn on pins less than the level
    }
    else {
      digitalWrite(ledPins[led], LED_OFF);      // turn off pins higher than the
level:
    }
  }
}

Discussion
ledPins

NbrLEDs
NbrLEDs
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const int NbrLEDs = 6;

const int NbrLEDs = sizeof(ledPins) / sizof(ledPins[0];

sizeof
ledPins

sizeof(ledPins[0])

map

0

LOW

HIGH
LED_ON LED_OFF

const boolean LED_ON = HIGH;  // HIGH is on when using common cathode connection
const boolean LED_OFF = LOW;

/*
   LED bar graph - decay version
*/

const int NbrLEDs = sizeof(ledPins) / sizof(ledPins[0];
const int ledPins[] = { 2, 3, 4, 5, 6, 7};
const int analogInPin = 0; // Analog input pin connected to variable resistor
const int decay = 10;      // increasing this reduces decay rate of storedValue

int sensorValue = 0;       // value read from the sensor
int storedValue = 0;       // the stored (decaying) sensor value
int ledLevel = 0;          // value converted into LED 'bars'

void setup() {
  for (int led = 0; led < NbrLEDs; led++)
  {
    pinMode(ledPins[led], OUTPUT);  // make all the LED pins outputs
  }
}
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void loop() {
  sensorValue = analogRead(analogInPin);        // read the analog in value
  storedValue = max(sensorValue, storedValue);  // only use sensor value if
higher
  ledLevel = map(storedValue, 0, 1023, 0, NbrLEDs); // map to number of LEDs
  for (int led = 0; led < NbrLEDs; led++)
  {
    if (led < ledLevel ) {
      digitalWrite(ledPins[led], HIGH);  // turn on pins less than the level
    }
    else {
      digitalWrite(ledPins[led], LOW);   // turn off pins higher than the level
    }
  }
  storedValue = storedValue - decay;     // decay the value
  delay(10);                             // wait 10 ms before next loop
}

max

storedValue
storedValue decay

delay decay

See Also

max

analogRead

map

7.6  Sequencing Multiple LEDs: Making a Chase Sequence
(Knight Rider)
Problem

232 | Chapter 7:ಗVisual Output



Solution

/* KnightRider
 */

const int NbrLEDs = 6;
const int ledPins[] = {2, 3, 4, 5, 6, 7};
const int wait = 30;

void setup(){
  for (int led = 0; led < NbrLEDs; led++)
  {
    pinMode(ledPins[led], OUTPUT);
  }
}

void loop() {
  for (int led = 0; led < NbrLEDs-1; led++)
  {
   digitalWrite(ledPins[led], HIGH);
   delay(wait);
   digitalWrite(ledPins[led + 1], HIGH);
   delay(wait);
   digitalWrite(ledPins[led], LOW);
   delay(wait*2);
  }
  for (int led = NbrLEDs; led > 0; led--) {
   digitalWrite(ledPins[led], HIGH);
   delay(wait);
   digitalWrite(ledPins[led - 1], HIGH);
   delay(wait);
   digitalWrite(ledPins[led], LOW);
   delay(wait*2);
  }
}

Discussion

for

for

wait
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7.7  Controlling an LED Matrix Using Multiplexing
Problem

Solution

/*
  matrixMpx sketch

 Sequence LEDs starting from first column and row until all LEDS are lit
 Multiplexing is used to control 64 LEDs with 16 pins
 */

const int columnPins[] = { 2, 3, 4, 5, 6, 7, 8, 9};
const int rowPins[]   = { 10,11,12,15,16,17,18,19};

int pixel       = 0;        // 0 to 63 LEDs in the matrix
int columnLevel = 0;        // pixel value converted into LED column
int rowLevel    = 0;        // pixel value converted into LED row

void setup() {
  for (int i = 0; i < 8; i++)
  {
    pinMode(columnPins[i], OUTPUT);  // make all the LED pins outputs
    pinMode(rowPins[i], OUTPUT);
  }
}

void loop() {
  pixel = pixel + 1;
  if(pixel > 63)
     pixel = 0;

  columnLevel = pixel / 8;                     // map to the number of columns
  rowLevel = pixel % 8;                        // get the fractional value
  for (int column = 0; column < 8; column++)
  {
    digitalWrite(columnPins[column], LOW);     // connect this column to Ground
    for(int row = 0; row < 8; row++)
    {
      if (columnLevel > column)
      {
        digitalWrite(rowPins[row], HIGH);  // connect all LEDs in row to +5 volts
      }
      else if (columnLevel == column && rowLevel >= row)
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      {
          digitalWrite(rowPins[row], HIGH);
      }
      else
      {
        digitalWrite(columnPins[column], LOW); // turn off all LEDs in this row
      }
      delayMicroseconds(300);     // delay gives frame time of 20ms for 64 LEDs
      digitalWrite(rowPins[row], LOW);         // turn off LED
    }

    digitalWrite(columnPins[column], HIGH);   // disconnect this column
from Ground
  }
}
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Discussion

for

  pixel = pixel + 1;
  if(pixel > 63)
     pixel = 0;

  int sensorValue = analogRead(0);               // read the analog in value
  pixel =   map(sensorValue, 0, 1023, 0, 63);    // map sensor value to pixel
(LED)

7.8  Displaying Images on an LED Matrix
Problem
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Solution

/*
 * matrixMpxAnimation sketch
 * animates two heart images to show a beating heart
 */

// the heart images are stored as bitmaps - each bit corresponds to an LED
// a 0 indicates the LED is off, 1 is on
byte bigHeart[] = {
  B01100110,
  B11111111,
  B11111111,
  B11111111,
  B01111110,
  B00111100,
  B00011000,
  B00000000};

byte smallHeart[] = {
  B00000000,
  B00000000,
  B00010100,
  B00111110,
  B00111110,
  B00011100,
  B00001000,
  B00000000};

const int columnPins[] = {  2, 3, 4, 5, 6, 7, 8, 9};
const int rowPins[]    = { 10,11,12,15,16,17,18,19};

void setup() {
  for (int i = 0; i < 8; i++)
  {
    pinMode(rowPins[i], OUTPUT);        // make all the LED pins outputs
    pinMode(columnPins[i], OUTPUT);
    digitalWrite(columnPins[i], HIGH);  // disconnect column pins from Ground
  }
}

void loop() {
  int pulseDelay = 800 ;          // milliseconds to wait between beats

  show(smallHeart, 80);           // show the small heart image for 100 ms
  show(bigHeart, 160);            // followed by the big heart for 200ms
  delay(pulseDelay);              // show nothing between beats
}
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// routine to show a frame of an image stored in the array pointed to by the
image parameter.
// the frame is repeated for the given duration in milliseconds
void show( byte * image, unsigned long duration)
{
 unsigned long start = millis();            // begin timing the animation
 while (start + duration > millis())        // loop until the duration period
has passed
  {
    for(int row = 0; row < 8; row++)
    {
      digitalWrite(rowPins[row], HIGH);          // connect row to +5 volts
      for(int column = 0; column < 8; column++)
      {
        boolean pixel = bitRead(image[row],column);
        if(pixel == 1)
        {
          digitalWrite(columnPins[column], LOW);  // connect column to Gnd
        }
        delayMicroseconds(300);                   // a small delay for each LED
        digitalWrite(columnPins[column], HIGH);   // disconnect column from Gnd
      }
      digitalWrite(rowPins[row], LOW);            // disconnect LEDs
    }
  }
}

Discussion

bigHeart smallHeart
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1
0

loop
show smallheart bigHeart

show
bitRead

loop

void loop() {
  sensorValue = analogRead(analogInPin);           // read the analog in value
  int pulseRate =  map(sensorValue,0,1023,40,240); // convert to beats / minute
  int pulseDelay = (60000 / pulseRate );  // milliseconds to wait between beats

  show(smallHeart, 80);            // show the small heart image for 100 ms
  show(bigHeart, 160);             // followed by the big heart for 200ms
  delay(pulseDelay);               // show nothing between beats
}

map

See Also

millis

7.9  Controlling a Matrix of LEDs: Charlieplexing
Problem
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Solution

/*
 * Charlieplexing sketch
 * light six LEDs in sequence that are connected to pins 2, 3, and 4
 */

byte pins[] = {2,3,4};  // the pins that are connected to LEDs

// the next two lines infer number of pins and LEDs from the above array
const int NUMBER_OF_PINS = sizeof(pins)/ sizeof(pins[0]);
const int NUMBER_OF_LEDS = NUMBER_OF_PINS * (NUMBER_OF_PINS-1);

byte pairs[NUMBER_OF_LEDS/2][2] = { {0,1}, {1,2}, {0,2} }; // maps pins to LEDs

void setup()
{
   // nothing needed here
}

void loop(){
    for(int i=0; i < NUMBER_OF_LEDS; i++)
    {
       lightLed(i);  // light each LED in turn
       delay(1000);
    }
}

// this function lights the given LED, the first LED is 0
void lightLed(int led)
{
  // the following four lines convert LED number to pin numbers
  int indexA = pairs[led/2][0];
  int indexB = pairs[led/2][1];
  int pinA = pins[indexA];
  int pinB = pins[indexB];

  // turn off all pins not connected to the given LED
  for(int i=0; i < NUMBER_OF_PINS; i++)
    if( pins[i] != pinA && pins[i] != pinB)
    {  // if this pin is not one of our pins
        pinMode(pins[i], INPUT);   // set the mode to input
        digitalWrite(pins[i],LOW); // make sure pull-up is off
    }
  // now turn on the pins for the given LED
  pinMode(pinA, OUTPUT);
  pinMode(pinB, OUTPUT);
  if( led % 2 == 0)
  {
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     digitalWrite(pinA,LOW);
     digitalWrite(pinB,HIGH);
  }
  else
  {
     digitalWrite(pinB,LOW);
     digitalWrite(pinA,HIGH);
  }
}

Discussion

L LOW H HIGH i INPUT
INPUT

  Pins       LEDs
2  3  4    1  2  3  4  5  6
L  L  L    0  0  0  0  0  0
L  H  i    1  0  0  0  0  0
H  L  i    0  1  0  0  0  0
i  L  H    0  0  1  0  0  0
i  H  L    0  0  0  1  0  0
L  i  H    0  0  0  0  1  0
H  i  L    0  0  0  0  0  1
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pins

byte pins[] = {2,3,4,5};  // the pins that are connected to LEDs

pairs

byte pairs[NUMBER_OF_LEDS/2][2] = { {0,1}, {1,2}, {0,2}, {2,3}, {1,3}, {0,3} };

pins

byte pins[] = {2,3,4};
const int NUMBER_OF_PINS = sizeof(pins)/ sizeof(pins[0]);
const int NUMBER_OF_LEDS = NUMBER_OF_PINS * (NUMBER_OF_PINS-1);

byte pairs[NUMBER_OF_LEDS/2][2] = { {0,1}, {1,2}, {0,2} };

int ledStates = 0; //holds states for up to 15 LEDs
int refreshedLed;  // the LED that gets refreshed

void setup()
{
   // nothing here
}
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void loop()
{
const int analogInPin = 0; // Analog input pin connected to the variable resistor

  // here is the code from the bargraph recipe
  int sensorValue = analogRead(analogInPin);          // read the analog in value
  int ledLevel = map(sensorValue, 0, 1023, 0, NUMBER_OF_LEDS);    // map to the
number of LEDs
  for (int led = 0; led < NUMBER_OF_LEDS; led++)
  {
    if (led < ledLevel ) {
      setState(led, HIGH);     // turn on pins less than the level
    }
    else {
      setState(led, LOW);      // turn off pins higher than the level
    }
  }
  ledRefresh();

}

void setState( int led, boolean state)
{
   bitWrite(ledStates,led, state);
}

void ledRefresh()
{
   // refresh a different LED each time this is called.
   if( refreshedLed++ > NUMBER_OF_LEDS) // increment to the next LED
      refreshedLed = 0; // repeat from the first LED if all have been refreshed

   if( bitRead(ledStates, refreshedLed ) == HIGH)
         lightLed( refreshedLed );
}

// this function is identical to the sketch above
// it lights the given LED, the first LED is 0
void lightLed(int led)
{
  // the following four lines convert LED number to pin numbers
  int indexA = pairs[led/2][0];
  int indexB = pairs[led/2][1];
  int pinA = pins[indexA];
  int pinB = pins[indexB];

  // turn off all pins not connected to the given LED
  for(int i=0; i < NUMBER_OF_PINS; i++)
    if( pins[i] != pinA && pins[i] != pinB)
    {  // if this pin is not one of our pins
        pinMode(pins[i], INPUT);   // set the mode to input
        digitalWrite(pins[i],LOW); // make sure pull-up is off
    }
  // now turn on the pins for the given LED
  pinMode(pinA, OUTPUT);
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  pinMode(pinB, OUTPUT);
  if( led % 2 == 0)
  {
     digitalWrite(pinA,LOW);
     digitalWrite(pinB,HIGH);
  }
  else
  {
     digitalWrite(pinB,LOW);
     digitalWrite(pinA,HIGH);
  }
}

ledStates
refresh

refresh

refresh
loop

#include <FrequencyTimer2.h>

byte pins[] = {2,3,4,5};
const int NUMBER_OF_PINS = sizeof(pins)/ sizeof(pins[0]);
const int NUMBER_OF_LEDS = NUMBER_OF_PINS * (NUMBER_OF_PINS-1);

byte pairs[NUMBER_OF_LEDS/2][2] = { {0,1}, {1,2}, {0,2} };

int ledStates = 0; //holds states for up to 15 LEDs
int refreshedLed;  // the LED that gets refreshed

---
#include <FrequencyTimer2.h>  // include this library to handle the refresh

byte pins[] = {2,3,4};
const int NUMBER_OF_PINS = sizeof(pins)/ sizeof(pins[0]);
const int NUMBER_OF_LEDS = NUMBER_OF_PINS * (NUMBER_OF_PINS-1);

byte pairs[NUMBER_OF_LEDS/2][2] = { {0,1}, {1,2}, {0,2} };

int ledStates = 0; //holds states for up to 15 LEDs
int refreshedLed;  // the LED that gets refreshed

244 | Chapter 7:ಗVisual Output



void setup()
{
  FrequencyTimer2::setPeriod(20000/ NUMBER_OF_LEDS); // set the period
  // the next line tells FrequencyTimer2 the function to call (ledRefresh)
  FrequencyTimer2::setOnOverflow(ledRefresh);
  FrequencyTimer2::enable();
}

void loop()
{
const int analogInPin = 0; // Analog input pin connected to the variable resistor

  // here is the code from the bargraph recipe
  int sensorValue = analogRead(analogInPin);          // read the analog in value
  int ledLevel = map(sensorValue, 0, 1023, 0, NUMBER_OF_LEDS);    // map to the
number of LEDs
  for (int led = 0; led < NUMBER_OF_LEDS; led++)
  {
    if (led < ledLevel ) {
      setState(led, HIGH);     // turn on pins less than the level
    }
    else {
      setState(led, LOW);      // turn off pins higher than the level
    }
  }
   // the LED is no longer refreshed in loop, it's handled by FrequencyTimer2
}

// the remaining code is the same as the previous example

FrequencyTimer2setOnOverflow
ledRefresh

See Also

7.10  Driving a 7-Segment LED Display
Problem

Solution

/*
 * SevenSegment sketch
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 * Shows numerals ranging from 0 through 9 on a single-digit display
 * This example counts seconds from 0 to 9
 */

// bits representing segments A through G (and decimal point) for numerals 0-9
const byte numeral[10] = {
  //ABCDEFG /dp
  B11111100,  // 0
  B01100000,  // 1
  B11011010,  // 2
  B11110010,  // 3
  B01100110,  // 4
  B10110110,  // 5
  B00111110,  // 6
  B11100000,  // 7
  B11111110,  // 8
  B11100110,  // 9
};

// pins for decimal point and each segment
//                          dp,G,F,E,D,C,B,A
const int segmentPins[8] = { 5,9,8,7,6,4,3,2};

void setup()
{
  for(int i=0; i < 8; i++)
  {
    pinMode(segmentPins[i], OUTPUT); // set segment and DP pins to output
  }
}

void loop()
{
  for(int i=0; i <= 10; i++)
  {
    showDigit(i);
    delay(1000);
  }
  // the last value if i is 10 and this will turn the display off
  delay(2000);  // pause two seconds with the display off
}

// Displays a number from 0 through 9 on a 7-segment display
// any value not within the range of 0-9 turns the display off
void showDigit( int number)
{
  boolean isBitSet;

  for(int segment = 1; segment < 8; segment++)
  {
    if( number < 0 || number > 9){
      isBitSet = 0;   // turn off all segments
    }
    else{
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      // isBitSet will be true if given bit is 1
      isBitSet = bitRead(numeral[number], segment);
    }
    isBitSet = ! isBitSet; // remove this line if common cathode display
    digitalWrite( segmentPins[segment], isBitSet);
  }
}

Discussion
numeral

segmentPins
showDigit

bitRead
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HIGH
LOW

    isBitSet = ! isBitSet; // remove this line if common cathode display

!

7.11  Driving Multidigit, 7-Segment LED Displays: Multiplexing
Problem

Solution

/*
 * SevenSegmentMpx sketch
 * Shows numbers ranging from 0 through 9999 on a four-digit display
 * This example displays the value of a sensor connected to an analog input
*/

// bits representing segments A through G (and decimal point) for numerals 0-9
const int numeral[10] = {
  //ABCDEFG /dp
  B11111100,  // 0
  B01100000,  // 1
  B11011010,  // 2
  B11110010,  // 3
  B01100110,  // 4
  B10110110,  // 5
  B00111110,  // 6
  B11100000,  // 7
  B11111110,  // 8
  B11100110,  // 9
};

// pins for decimal point and each segment
                         // dp,G,F,E,D,C,B,A
const int segmentPins[] = { 4,7,8,6,5,3,2,9};

const int nbrDigits= 4;  // the number of digits in the LED display

                             //dig  1  2  3  4
const int digitPins[nbrDigits] = { 10,11,12,13};

248 | Chapter 7:ಗVisual Output



void setup()
{
  for(int i=0; i < 8; i++)
    pinMode(segmentPins[i], OUTPUT); // set segment and DP pins to output

  for(int i=0; i < nbrDigits; i++)
    pinMode(digitPins[i], OUTPUT);
}

void loop()
{
  int value = analogRead(0);
  showNumber(value);
}

void showNumber( int number)
{
  if(number == 0)
    showDigit( 0, nbrDigits-1) ; // display 0 in the rightmost digit
  else
  {
    // display the value corresponding to each digit
    // leftmost digit is 0, rightmost is one less than the number of places
    for( int digit = nbrDigits-1; digit >= 0; digit--)
    {
      if(number > 0)
      {
         showDigit( number % 10, digit)  ;
         number = number / 10;
      }
    }
  }
}

// Displays given number on a 7-segment display at the given digit position
void showDigit( int number, int digit)
{
  digitalWrite( digitPins[digit], HIGH );
  for(int segment = 1; segment < 8; segment++)
  {
    boolean isBitSet = bitRead(numeral[number], segment);
    // isBitSet will be true if given bit is 1
    isBitSet = ! isBitSet; // remove this line if common cathode display
    digitalWrite( segmentPins[segment], isBitSet);
  }
  delay(5);
  digitalWrite( digitPins[digit], LOW );
}
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Discussion
showDigit

HIGH

7.12  Driving Multidigit, 7-Segment LED Displays Using
MAX7221 Shift Registers
Problem

Solution
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/*
  Max7221_digits
 */

#include <SPI.h>  // Arduino SPI library introduced in Arduino version 0019

const int slaveSelect = 10; //pin used to enable the active slave

const int numberOfDigits = 2; // change these to match the number of digits
wired up
const int maxCount       = 99;

int number = 0;

void setup()
{
  Serial.begin(9600);
  SPI.begin();   // initialize SPI
  pinMode(slaveSelect, OUTPUT);
  digitalWrite(slaveSelect,LOW);  //select slave
  // prepare the 7221 to display 7-segment data - see data sheet
  sendCommand(12,1);  // normal mode (default is shutdown mode);
  sendCommand(15,0);  // Display test off
  sendCommand(10,8);  // set medium intensity (range is 0-15)
  sendCommand(11,numberOfDigits);  // 7221 digit scan limit command
  sendCommand(9,255); // decode command, use standard 7-segment digits
  digitalWrite(slaveSelect,HIGH);  //deselect slave
}

void loop()
{
  // display a number from the serial port terminated by the end of line
character
  if(Serial.available())
  {
     char ch  = Serial.read();
     if( ch == '\n')
     {
       displayNumber(number);
       number = 0;
     }
     else
     number = (number * 10) + ch - '0'; // see Chapter 4 for details
  }
}

// function to display up to four digits on a 7-segment display
void displayNumber( int number)
{
  for(int i = 0; i < numberOfDigits; i++)
  {
    byte character = number % 10;  // get the value of the rightmost decade
    if(number == 0 && i > 0)
       character = 0xf;  // the 7221 will blank the segments when receiving value
    // send digit number as command, first digit is command 1
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    sendCommand(numberOfDigits-i, character);
    number = number / 10;
  }
}

void sendCommand( int command, int value)
{
  digitalWrite(slaveSelect,LOW); //chip select is active low
  //2-byte data transfer to the 7221
  SPI.transfer(command);
  SPI.transfer(value);
  digitalWrite(slaveSelect,HIGH); //release chip, signal end transfer
}

Solution

loop displayNumber

sendCommand
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7.13  Controlling an Array of LEDs by Using MAX72xx Shift
Registers
Problem

Solution
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#include <Sprite.h>
#include <Matrix.h>

// Hello Matrix
// by Nicholas Zambetti <http://www.zambetti.com>

// Demonstrates the use of the Matrix library
// For MAX7219 LED Matrix Controllers
// Blinks welcoming face on screen

const int loadPin  = 2;
const int clockPin = 3;
const int dataPin  = 4;

Matrix myMatrix = Matrix(dataPin, clockPin, loadPin); // create a new Matrix
instance

void setup()
{
}

void loop()
{
  myMatrix.clear(); // clear display

  delay(1000);

  // turn some pixels on
  myMatrix.write(1, 5, HIGH);
  myMatrix.write(2, 2, HIGH);
  myMatrix.write(2, 6, HIGH);
  myMatrix.write(3, 6, HIGH);
  myMatrix.write(4, 6, HIGH);
  myMatrix.write(5, 2, HIGH);
  myMatrix.write(5, 6, HIGH);
  myMatrix.write(6, 5, HIGH);

  delay(1000);
}

Discussion
loop

write clar write

HIGH LOW
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LED forward voltage

Current 1.5V 2.0V 2.5V 3.0V 3.5V

40 mA 12 kΩ 12 kΩ 11 kΩ 10 kΩ 10 kΩ

30 mA 18 kΩ 17 kΩ 16 kΩ 15 kΩ 14 kΩ

20 mA 30 kΩ 28 kΩ 26 kΩ 24 kΩ 22 kΩ

10 mA 68 kΩ 64 kΩ 60 kΩ 56 kΩ 51 kΩ

See Also

7.14  Increasing the Number of Analog Outputs Using PWM
Extender Chips (TLC5940)
Problem

Solution
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/*
 * TLC sketch
 * Create a Knight Rider-like effect on LEDs plugged into all the TLC outputs
 * this version assumes one TLC with 16 LEDs
 */

#include "Tlc5940.h"

void setup()
{
  Tlc.init();  // initialize the TLC library
}

void loop()
{
  int direction = 1;
  int intensity = 4095; // an intensity from 0 to 4095, full brightness is 4095
  int dim = intensity / 4;  //  1/4 the value dims the LED
  for (int channel = 0; channel < 16; channel += direction) {
  // the following TLC commands set values to be written by the update method
    Tlc.clear();  // turn off all LEDs
    if (channel == 0) {
      direction = 1;
    }
    else {
      Tlc.set(channel - 1, dim);  // set intensity for prev LED
    }
    Tlc.set(channel, intensity); //  full intensity on this LED
    if (channel < 16){
      Tlc.set(channel + 1, dim);  // set the next LED to dim
    }
    else {
      direction = -1;
    }

    Tlc.update();  // this method sends data to the TLC chips to change the LEDs
    delay(75);
  }
}

Discussion

Tlc.init Tlc
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update()

Tlc.clear

Tlc.set

Tlc.setAll

Tlc.update
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#include "Tlc5940.h"

const int sensorPin = 0; // connect sensor to analog input 0

void setup()
{
  Tlc.init();  // initialize the TLC library
}

void loop()
{
  int direction = 1;
  int sensorValue = analogRead(0);  // get the sensor value
  int intensity = map(sensorValue, 0,1023, 0, 4095); // map to TLC range
  int dim = intensity / 4;  //  1/4 the value dims the LED
  for (int channel = 0; channel < NUM_TLCS * 16; channel += direction) {
  // the following TLC commands set values to be written by the update method
    Tlc.clear();  // turn off all LEDs
    if (channel == 0) {
      direction = 1;
    }
    else {
      Tlc.set(channel - 1, dim);  // set intensity for prev LED
    }
    Tlc.set(channel, intensity); //  full intensity on this LED
    if (channel != NUM_TLCS * 16 - 1) {
      Tlc.set(channel + 1, dim);  // set the next LED to dim
    }
    else {
      direction = -1;
    }

    Tlc.update();  // this method sends data to the TLC chips to change the LEDs
    delay(75);
  }
}
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NUM_TLCS

See Also

7.15  Using an Analog Panel Meter As a Display
Problem

Solution
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/*
 * AnalogMeter sketch
 * Drives an analog meter through an Arduino PWM pin
 * The meter level is controlled by a variable resistor on an analog input pin
 */

const int analogInPin = 0; // Analog input pin connected to the variable resistor
const int analogMeterPin = 9; // Analog output pin connecting to the meter

int sensorValue = 0;        // value read from the pot
int outputValue = 0;        // value output to the PWM (analog out)

void setup()
{
  // nothing in setup
}

void loop()
{
  sensorValue = analogRead(analogInPin);            // read the analog in value
  outputValue = map(sensorValue, 0, 1023, 0, 255);  // map to the range of the
analog out
  analogWrite(analogMeterPin, outputValue);         // write the analog out value
}

Discussion
analogWrite

analogWrite map

  outputValue = map(sensorValue, 0, 1023, 0, 240);  // map to meter's range

See Also
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CHAPTER 8

Physical Output

8.0  Introduction

Motion Control Using Servos

analogWrite
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analogWrite
analogWrite

Solenoids and Relays

Brushed and Brushless Motors
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Stepper Motors
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Troubleshooting Sidebar

8.1  Controlling the Position of a Servo
Problem

Solution

#include <Servo.h>

Servo myservo;  // create servo object to control a servo

int angle = 0;    // variable to store the servo position

void setup()
{
  myservo.attach(9);  // attaches the servo on pin 10 to the servo object
}

void loop()
{
  for(angle = 0; angle < 180; angle += 1)  // goes from 0 degrees to 180 degrees
  {                                        // in steps of 1 degree
    myservo.write(angle);    // tell servo to go to position in variable 'angle'
    delay(20);                       // waits 20ms between servo commands
  }
  for(angle = 180; angle >= 1; angle -= 1) // goes from 180 degrees to 0 degrees
  {
    myservo.write(pos);     // tell servo to go to position in variable 'pos'
    delay(20);                       // waits 20ms between servo commands
  }
}
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Discussion

Servo.attach

myservo.attach(9,1000,2000 );  // use pin 9, set min to 1000us, max to 2000us

servo.attach(pin, min, max)

pin

min

max
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8.2  Controlling One or Two Servos with a Potentiometer
or Sensor
Problem

Solution

0 1023

#include <Servo.h>

Servo myservo;  // create servo object to control a servo

int potpin = 0;  // analog pin used to connect the potentiometer
int val;    // variable to read the value from the analog pin

void setup()
{
  myservo.attach(9);  // attaches the servo on pin 9 to the servo object
}

void loop()
{
  val = analogRead(potpin);            // reads the value of the potentiometer
  val = map(val, 0, 1023, 0, 179);     // scale it to use it with the servo
  myservo.write(val);                  // sets position to the scaled value
  delay(15);                           // waits for the servo to get there
}
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Discussion
analogRead

8.3  Controlling the Speed of Continuous Rotation Servos
Problem

Solution

8.3  Controlling the Speed of Continuous Rotation Servos | 267



loop

#include <Servo.h>

Servo myservoLeft;   // create servo object to control a servo
Servo myservoRight;  // create servo object to control a servo

int pos = 0;    // variable to store the servo position

void setup()
{
  myservoLeft.attach(9);   // attaches left servo on pin 9 to servo object
  myservoRight.attach(10); // attaches right servo on pin 10 to servo object
}

void loop()
{
  for(angle = 90; angle < 180; angle += 1)  // goes from 90 to 180 degrees
  {                                  // in steps of 1 degree
                                     // 90  degrees is stopped
    myservoLeft.write(angle);        // rotate servo at speed given by 'angle'
    myservoRight.write(180-angle);   // go in the opposite direction

    delay(20);                       // waits 20ms between servo commands
  }
  for(angle = 180; angle >= 90; angle -= 1) // goes from 180 to 90 degrees
  {
    myservoLeft.write(angle);        // rotate at a speed given by 'angle'
    myservoRight.write(180-angle);   // other servo goes in opposite direction
  }
}
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Discussion

   myservoLeft.write(angle+TRIM); // declare int TRIM=2; at beginning of sketch

8.4  Controlling Servos from the Serial Port
Problem

Solution

180a

90b

0c

17d

#include <Servo.h>  // the servo library

#define SERVOS 4 // the number of servos
int servoPins[SERVOS] = {7,8,9,10}; // servos on pins 7 through 10

Servo myservo[SERVOS];

void setup()
{
  Serial.begin(9600);
  for(int i=0; i < SERVOS; i++)
    myservo[i].attach(servoPins[i]);
}

void loop()
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{
  serviceSerial();
}

// serviceSerial checks the serial port and updates position with received data
// it expects servo data in the form:
//  "180a" writes 180 to servo a
//  "90b writes 90 to servo b
void serviceSerial()
{
  static int pos = 0;

  if ( Serial.available()) {
    char ch = Serial.read();

    if(ch >= '0' && ch <= '9')              // is ch a number?
      pos = pos * 10 + ch - '0';            // yes, accumulate the value
    else if(ch >= 'a' && ch <= 'a'+ SERVOS) // is ch a letter for our servos?
      myservo[ch - 'a'].write(pos);     // yes, save position in position array
  }
}

Discussion

myservo
for setup

servoPins

pos

See Also
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8.5  Driving a Brushless Motor (Using a Hobby Speed Controller)
Problem

Solution

Discussion
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8.6  Controlling Solenoids and Relays
Problem

Solution

digitalWrite HIGH

int solenoidPin = 2;            // Solenoid connected to transitor on pin 2

void setup()
{
  pinMode(ledPin, OUTPUT);
}

void loop()
{
long interval = 1000 * 60 * 60 ;   // interval = 60 minutes
  digitalWrite(solenoidPin, HIGH); // activates the solenoid
  delay(1000);                     // waits for a second
  digitalWrite(ledPin, LOW);       // deactivates the solenoid
  delay(interval);                 // waits one hour
}

Discussion
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8.7  Making an Object Vibrate
Problem

Solution
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/*
 * Vibrate sketch
 * Vibrate for one second every minute
 *
 */

const int motorPin  = 3;  // vibration motor transistor is connected to pin 3

void setup()
{
  pinMode(motorPin, OUTPUT);
}

void loop()
{
  digitalWrite(motorPin,  HIGH); //vibrate
  delay(1000); // delay one second
  digitalWrite(motorPin,  LOW);   // stop vibrating
  delay(59000); // wait 59 seconds.
}

Discussion
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HIGH
HIGH

 /*
 * Vibrate_Photocell sketch
 * Vibrate when photosensor detects light above ambient level
 *
 */

const int motorPin  = 3;  // vibration motor transistor is connected to pin 3
const int sensorPin = 0;  // Photodetector connected to analog input 0
int sensorAmbient = 0;             // ambient light level (calibrated in setup)
const int thresholdMargin = 100;   // how much above ambient needed to vibrate

void setup()
{
  pinMode(motorPin, OUTPUT);
  sensorAmbient = analogRead(sensorPin); // get startup light level;
}

void loop()
{
  int sensorValue = analogRead(sensorPin);
  if( sensorValue > sensorAmbient + thresholdMargin)
  {
      digitalWrite(motorPin,  HIGH); //vibrate
  }
  else
   {
      digitalWrite(motorPin,  LOW);   // stop vibrating
  }
}

sensorAmbient loop
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8.8  Driving a Brushed Motor Using a Transistor
Problem

Solution

/*
 * SimpleBrushed sketch
 * commands from serial port control motor speed
 * digits '0' through '9' are valid where '0' is off, '9' is max speed
 */

const int motorPins = 3; // motor driver is connected to pin 3

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();

    if(ch >= '0' && ch <= '9')              // is ch a number?
    {
      int speed = map(ch, '0', '9', 0, 255);
      analogWrite(3, speed);
      Serial.println(speed);
    }
    else
    {
      Serial.print("Unexpected character ");
      Serial.println(ch);
    }
  }
}

Discussion
analogWrite

analogWrite

276 | Chapter 8:ಗPhysical Output



8.9  Controlling the Direction of a Brushed Motor
with an H-Bridge
Problem

Solution

/*
 * Brushed_H_Bridge_simple sketch
 * commands from serial port control motor direction
 * + or - set the direction, any other key stops the motor
 */

const int in1Pin = 5;  // H-Bridge input pins
const int in2Pin = 4;

void setup()
{
  Serial.begin(9600);
  pinMode(in1Pin, OUTPUT);
  pinMode(in2Pin, OUTPUT);
  Serial.println("+ - to set direction, any other key stops motor");
}
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void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();
    if (ch == '+')
    {
      Serial.println("CW");
      digitalWrite(in1Pin,LOW);
      digitalWrite(in2Pin,HIGH);
    }
    else if (ch == '-')
    {
      Serial.println("CCW");
      digitalWrite(in1Pin,HIGH);
      digitalWrite(in2Pin,LOW);
    }
    else
    {
      Serial.print("Stop motor");
      digitalWrite(in1Pin,LOW);
      digitalWrite(in2Pin,LOW);
    }
  }
}
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Discussion

HIGH

EN IN1 IN2 Function

HIGH LOW HIGH Turn clockwise

HIGH HIGH LOW Turn counterclockwise

HIGH LOW LOW Motor stop

HIGH HIGH HIGH Motor stop

LOW Ignored Ignored Motor stop

/*
 * Brushed_H_Bridge_simple2 sketch
 * commands from serial port control motor direction
 * + or - set the direction, any other key stops the motors
 */

const int in1Pin = 5;  // H-Bridge input pins
const int in2Pin = 4;

const int in3Pin = 3;  // H-Bridge pins for second motor
const int in4Pin = 2;

void setup()
{
  Serial.begin(9600);
  pinMode(in1Pin, OUTPUT);
  pinMode(in2Pin, OUTPUT);
  pinMode(in3Pin, OUTPUT);
  pinMode(in4Pin, OUTPUT);
  Serial.println("+ - sets direction of motors, any other key stops motors");
}

void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();
    if (ch == '+')
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    {
      Serial.println("CW");
      // first motor
      digitalWrite(in1Pin,LOW);
      digitalWrite(in2Pin,HIGH);
      //second motor
      digitalWrite(in3Pin,LOW);
      digitalWrite(in4Pin,HIGH);
    }
    else if (ch == '-')
    {
      Serial.println("CCW");
      digitalWrite(in1Pin,HIGH);
      digitalWrite(in2Pin,LOW);

      digitalWrite(in3Pin,HIGH);
      digitalWrite(in4Pin,LOW);
    }
    else
    {
      Serial.print("Stop motors");
      digitalWrite(in1Pin,LOW);
      digitalWrite(in2Pin,LOW);
      digitalWrite(in3Pin,LOW);
      digitalWrite(in4Pin,LOW);
    }
  }
}

8.10  Controlling the Direction and Speed of a Brushed Motor
with an H-Bridge
Problem

Solution
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/*
 * Brushed_H_Bridge sketch
 * commands from serial port control motor speed and direction
 * digits '0' through '9' are valid where '0' is off, '9' is max speed
 * + or - set the direction
 */

const int enPin  = 5;  // H-Bridge enable pin
const int in1Pin = 7;  // H-Bridge input pins
const int in2Pin = 4;

void setup()
{
  Serial.begin(9600);
  pinMode(in1Pin, OUTPUT);
  pinMode(in2Pin, OUTPUT);
  Serial.println("Speed (0-9) or + - to set direction");
}

void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();
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    if(ch >= '0' && ch <= '9')              // is ch a number?
    {
      int speed = map(ch, '0', '9', 0, 255);
      analogWrite(enPin, speed);
      Serial.println(speed);
    }
    else if (ch == '+')
    {
      Serial.println("CW");
      digitalWrite(in1Pin,LOW);
      digitalWrite(in2Pin,HIGH);
    }
    else if (ch == '-')
    {
      Serial.println("CCW");
      digitalWrite(in1Pin,HIGH);
      digitalWrite(in2Pin,LOW);
    }
    else
    {
      Serial.print("Unexpected character ");
      Serial.println(ch);
    }
  }
}

Discussion

analogWrite
0

255

8.11  Using Sensors to Control the Direction and Speed of
Brushed Motors (L293 H-Bridge)
Problem

Solution
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/*
 * Brushed_H_Bridge_Direction sketch
 * uses photo sensors to control motor direction
 * robot moves in the direction of a light
 */

 int leftPins[]  = {5,7,4};  // on pin for PWM, two pins for motor direction
 int rightPins[] = {6,3,2};

const int leftSensorPin = 0;  // analog pins with sensors
const int rightSensorPin = 1;

int sensorThreshold = 0;      // must have this much light on a sensor to move
int looks = 0;                // the number of attempts to turn and find light

void setup()
{
  for(int i=1; i < 3; i++)
  {
    pinMode(leftPins[i], OUTPUT);
    pinMode(rightPins[i], OUTPUT);
  }
}

void loop()
{
  int leftVal = analogRead(leftSensorPin);
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  int rightVal = analogRead(rightSensorPin);
  if(sensorThreshold == 0)  // have the sensors been calibrated ?
     sensorThreshold = (leftVal + rightVal) / 2; // no, calibrate sensors

  if( leftVal < sensorThreshold && rightVal < sensorThreshold)
  {
    if(looks < 4)  // limit the number of consecutive looks
    {
      lookAround();
      looks = looks + 1;
    }
  }
  else
  {
    // if there is adequate light to move ahead
    setSpeed(rightPins, map( rightVal,0,1023, 0,255));
    setSpeed(leftPins, map(leftVal,0,1023,0,255));
    looks = 0; // reset the looks counter
  }
}

void lookAround()
{
  // rotate left for half a second
  setSpeed(leftPins, -127 );
  setSpeed(rightPins, 127 );
  delay(500);
  setSpeed(rightPins, 0 );
  setSpeed(leftPins, 127 );
}

void setSpeed(int pins[], int speed )
{
  if(speed < 0)
  {
    digitalWrite(pins[1],HIGH);
    digitalWrite(pins[2],LOW);
    speed = -speed;
  }
  else
  {
    digitalWrite(pins[1],LOW);
    digitalWrite(pins[2],HIGH);
  }
  analogWrite(pins[0], speed);
}

Discussion
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lookAround

setSpeed

leftPins rightPins
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/*
 * Brushed_H_Ardumoto sketch
 * uses photo sensors to control motor direction
 * robot moves in the direction of a light
 */

 int leftPins[]  = {10,12};   // one pin for PWM, one pin for motor direction
 int rightPins[] = {11,13};

const int leftSensorPin = 0;  // analog pins with sensors
const int rightSensorPin = 1;

int sensorThreshold = 0;      // must have this much light on a sensor to move
int looks = 0;                // the number of attempts to turn and find light

void setup()
{
  pinMode(leftPins[1], OUTPUT);
  pinMode(rightPins[1], OUTPUT);
  Serial.begin(9600);
}

loop lookAround setSpeed

void setSpeed(int pins[], int speed )
{
  if(speed < 0)
  {
    digitalWrite(pins[1],HIGH);
    speed = -speed;
  }
  else
  {
    digitalWrite(pins[1],LOW);
  }
  analogWrite(pins[0], speed);
}

int leftPins[]  = {10,13};  // PWM, Direction
int rightPins[] = {9,12};   // PWM, Direction
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See Also

8.12  Driving a Bipolar Stepper Motor
Problem

Solution

/*
 * Stepper_bipolar sketch
 *
 * stepper is controlled from the serial port.
 * a numeric value followed by '+' or '-' steps the motor
 *
 *
 * http://www.arduino.cc/en/Reference/Stepper
 */

#include <Stepper.h>

// change this to the number of steps on your motor
#define STEPS 24

// create an instance of the stepper class, specifying
// the number of steps of the motor and the pins it's
// attached to
Stepper stepper(STEPS, 2, 3, 4, 5);

int steps = 0;

void setup()
{
  // set the speed of the motor to 30 RPMs
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  stepper.setSpeed(30);
  Serial.begin(9600);
}

void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();

    if(ch >= '0' && ch <= '9'){             // is ch a number?
      steps = steps * 10 + ch - '0';        // yes, accumulate the value
    }
    else if(ch == '+'){
      stepper.step(steps);
      steps = 0;
    }
    else if(ch == '-'){
      stepper.step(steps * -1);
      steps = 0;
    }
  }
}

Discussion
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Stepper stepper(STEPS, 12,13);
int steps = 0;

setup

pinMode(10, OUTPUT);
digitalWrite(10, LOW);   // enable A
// set the speed of the motor to 30 RPMs
stepper.setSpeed(30);
Serial.begin(9600);
pinMode(11, OUTPUT);
digitalWrite(11, LOW);   // enable B

loop
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8.13  Driving a Bipolar Stepper Motor (Using the EasyDriver
Board)
Problem

Solution

/*
 * Stepper_Easystepper sketch
 *
 * stepper is controlled from the serial port.
 * a numeric value followed by '+' or '-' steps the motor
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 *
 */

const int dirPin = 2;
const int stepPin = 3;

int speed = 100;    // desired speed in steps per second
int steps = 0;      // the number of steps to make

void setup()
{
  pinMode(dirPin, OUTPUT);
  pinMode(stepPin, OUTPUT);
  Serial.begin(9600);
}

void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();

    if(ch >= '0' && ch <= '9'){             // is ch a number?
      steps = steps * 10 + ch - '0';        // yes, accumulate the value
    }
    else if(ch == '+'){
      step(steps);
      steps = 0;
    }
    else if(ch == '-'){
      step(-steps);
      steps = 0;
    }
    else if(ch == 's'){
      speed = steps;
      Serial.print("Setting speed to ");
      Serial.println(steps);
      steps = 0;
    }
  }
}

void step(int steps)
{
  int stepDelay = 1000 / speed;  //delay in ms for speed given as steps per sec
  int stepsLeft;

  // determine direction based on whether steps_to_mode is + or -
  if (steps > 0)
  {
    digitalWrite(dirPin, HIGH);
    stepsLeft = steps;
  }
  if (steps < 0)
  {
    digitalWrite(dirPin, LOW);
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    stepsLeft = -steps;
  }
  // decrement the number of steps, moving one step each time
  while(stepsLeft > 0)
  {
    digitalWrite(stepPin,HIGH);
    delayMicroseconds(1);
    digitalWrite(stepPin,LOW);
    delay(stepDelay);
    stepsLeft--;      // decrement the steps left
  }
}

Discussion

HIGH LOW

HIGH
LOW

HIGH
HIGH LOW

Resolution MS1 MS2

Full step LOW LOW

Half step HIGH LOW

Quarter step LOW HIGH

Eighth step HIGH HIGH

// use the following for speed given in RPM
int speed = 100;    // desired speed in RPM
int stepsPerRevolution = 200;  // this line sets steps for one revolution
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int stepDelay = 60L * 1000L / stepsPerRevolution / speed; // speed as RPM

8.14  Driving a Unipolar Stepper Motor (ULN2003A)
Problem

Solution
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/*
 * Stepper sketch
 *
 * stepper is controlled from the serial port.
 * a numeric value followed by '+' or '-' steps the motor
 *
 *
 * http://www.arduino.cc/en/Reference/Stepper
 */

#include <Stepper.h>

// change this to the number of steps on your motor
#define STEPS 24

// create an instance of the stepper class, specifying
// the number of steps of the motor and the pins it's
// attached to
Stepper stepper(STEPS, 2, 3, 4, 5);

int steps = 0;

void setup()
{
  stepper.setSpeed(30);    // set the speed of the motor to 30 RPMs
  Serial.begin(9600);
}

void loop()
{
  if ( Serial.available()) {
    char ch = Serial.read();

    if(ch >= '0' && ch <= '9'){             // is ch a number?
      steps = steps * 10 + ch - '0';        // yes, accumulate the value
    }
    else if(ch == '+'){
      stepper.step(steps);
      steps = 0;
    }
    else if(ch == '-'){
      stepper.step(steps * -1);
      steps = 0;
    }
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    else if(ch == 's'){
      stepper.setSpeed(steps);
      Serial.print("Setting speed to ");
      Serial.println(steps);
      steps = 0;
    }
  }
}

Discussion
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CHAPTER 9

Audio Output

9.0  Introduction

tone
tone

timer2 analog
Write tone

tone
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9.1  Playing Tones
Problem

Solution
tone

/*
 * Tone sketch
 *
 * Plays tones through a speaker on digital pin 9
 * frequency determined by values read from analog port
 */

const int speakerPin = 9;    // connect speaker to pin 9
const int pitchPin = 0;      // pot that will determine the frequency of the tone

void setup()
{
}

void loop()
{
   int sensor0Reading = analogRead(pitchPin);    // read input to set frequency
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   // map the analog readings to a meaningful range
   int frequency  = map(sensor0Reading, 0, 1023, 100,5000); //100Hz to 5kHz
   int duration = 250;   // how long the tone lasts
   tone(speakerPin, frequency, duration); // play the tone
   delay(1000); //pause one second
}

tone

tone noTone

int frequency  = map(sensor0Reading, 0, 1023, 100,5000); //100Hz to 5kHz

const int speakerPin = 9;    // connect speaker to pin 9
const int pitchPin = 0;      // input that determines frequency of the tone
const int durationPin = 1;   // input that will determine the duration of the tone

void setup()
{
}

void loop()
{
   int sensor0Reading = analogRead(pitchPin);    // read input for frequency
   int sensor1Reading = analogRead(durationPin); // read input for duration

   // map the analog readings to a meaningful range
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   int frequency  = map(sensor0Reading, 0, 1023, 100,5000); // 100Hz to 5kHz
   int duration = map(sensor1Reading, 0, 1023, 100,1000);   // dur 0.1-1 second
   tone(speakerPin, frequency, duration); // play the tone
   delay(duration); //wait for the tone to finish
}

setup

  digitalWrite(inputPin,HIGH);  // turn on internal pull-up on the inputPin

loop tone delay

if( digitalRead(inputPin) = LOW)  // read input value
{
   tone(speakerPin, frequency, duration); // play the tone
   delay(duration); //wait for the tone to finish
}

See Also

9.2  Playing a Simple Melody
Problem

Solution
tone

tone

/*
 * Twinkle sketch
 *
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 * Plays "Twinkle, Twinkle Little Star"
 *
 * speaker on digital pin 9
 */

const int speakerPin = 9; // connect speaker to pin 9

char noteNames[] =     {'C','D','E','F','G','a','b'};
unsigned int frequencies[] = {262,294,330,349,392,440,494};
const byte noteCount = sizeof(noteNames); // the number of notes (7 in this
example)

//notes, a space represents a rest
char score[] = "CCGGaaGFFEEDDC GGFFEEDGGFFEED CCGGaaGFFEEDDC ";  
const byte scoreLen = sizeof(score); // the number of notes in the score

void setup()
{
}

void loop()
{
  for (int i = 0; i < scoreLen; i++)
  {
    int duration = 333;  // each note lasts for a third of a second
    playNote(score[i], duration); // play the note
  }

  delay(4000); // wait four seconds before repeating the song
}

void playNote(char note, int duration)
{
  // play the tone corresponding to the note name
  for (int i = 0; i < noteCount; i++)
  {
    // try and find a match for the noteName to get the index to the note
    if (noteNames[i] == note) // find a matching note name in the array
      tone(speakerPin, frequencies[i], duration); //  play the note using the
frequency
  }
  // if there is no match then the note is a rest, so just do the delay
  delay(duration);
}

noteNames
notes

noteNames notes

score

char score[] = "CCGGaaGFFEEDDC GGFFEEDGGFFEED CCGGaaGFFEEDDC ";  // a space
represents a rest
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noteNames

noteNames

playNote

playNote noteNames
frequencies

byte beats[scoreLen] = {1,1,1,1,1,1,2,  1,1,1,1,1,1,2,1,
                        1,1,1,1,1,1,2,  1,1,1,1,1,1,2,1,
                        1,1,1,1,1,1,2,  1,1,1,1,1,1,2};
byte beat = 180; // beats per minute for eighth notes
unsigned int speed = 60000 / beat; // the time in ms for one beat

beats 1 2

beat

speed

loop beats

int duration = 333;  // each note lasts for a third of a second

int duration = beats[i] * speed; // use beats array to determine duration

9.3  Generating More Than One Simultaneous Tone
Problem

Solution

millis
tone
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/*
 * Dual Tones - Simultaneous tone generation.
 *  plays notes 'a' through 'g' sent over the Serial Monitor.
 * lowercase letters for the first tone and uppercase for the second.
 * 's' stops the current playing tone.
 */
#include <Tone.h>

int notes[] = { NOTE_A3,
                NOTE_B3,
                NOTE_C4,
                NOTE_D4,
                NOTE_E4,
                NOTE_F4,
                NOTE_G4 };

// You can declare the tones as an array
Tone notePlayer[2];

void setup(void)
{
  Serial.begin(9600);
  notePlayer[0].begin(11);
  notePlayer[1].begin(12);
}

void loop(void)
{
  char c;

  if(Serial.available())
  {
    c = Serial.read();

    switch(c)
    {
      case 'a'...'g':
        notePlayer[0].play(notes[c - 'a']);
        Serial.println(notes[c - 'a']);
        break;
      case 's':
        notePlayer[0].stop();
        break;

      case 'A'...'G':
        notePlayer[1].play(notes[c - 'A']);
        Serial.println(notes[c - 'A']);
        break;
      case 'S':
        notePlayer[1].stop();
        break;
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      default:
        notePlayer[1].stop();
        notePlayer[0].play(NOTE_B2);
        delay(300);
        notePlayer[0].stop();
        delay(100);
        notePlayer[1].play(NOTE_B2);
        delay(300);
        notePlayer[1].stop();
        break;
    }
  }
}

Discussion

millis delay

9.4  Generating Audio Tones and Fading an LED
Problem

analogWrite

Solution
tone

analogWrite

tone playTone

playTone
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byte speakerPin = 9;
byte ledPin = 10;

void setup()
{
  pinMode(speakerPin, OUTPUT);
}

void playTone(int period, int duration)
{
// period is one cycle of tone
// duration is how long the pulsing should last in milliseconds
  int pulse = period / 2;
  for (long i = 0; i < duration * 1000L; i += period )
  {
    digitalWrite(speakerPin, HIGH);
    delayMicroseconds(pulse);
    digitalWrite(speakerPin, LOW);
    delayMicroseconds(pulse);
  }
}

void fadeLED(){
 for (int brightness = 0; brightness < 255; brightness++)
 {
   analogWrite(ledPin, brightness);
   delay(2);
  }
  for (int brightness = 255; brightness >= 0; brightness--) {
    analogWrite(ledPin, brightness);
    delay(2);
  }

}
void loop()
{
  // a note with period of 15289 is deep C (second lowest C note on piano)
  for(int period=15289; period >= 477;  period=period / 2)  // play 6 octaves
  {
     playTone( period, 200); // play tone for 200 milliseconds
  }
  fadeLED();
}

Discussion
playTone period duration period
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period for
duration

void playFrequency(int frequency, int duration)
{
  int period = 1000000L / frequency;
  int pulse = period / 2;

playTone

  for (long i = 0; i < duration * 1000L; i += period )
  {
    digitalWrite(speakerPin, HIGH);
    delayMicroseconds(pulse);
    digitalWrite(speakerPin, LOW);
    delayMicroseconds(pulse);
  }
}

tone

See Also
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9.5  Playing a WAV File
Problem

Solution

/*
 * WaveShieldPlaySelection sketch
 *
 * play a selected WAV file
 *
 * Position of variable resistor slider when button pressed selects file to play
 *
 */

#include <FatReader.h>
#include <SdReader.h>
//#include <avr/pgmspace.h>

#include "WaveHC.h"
#include "WaveUtil.h"

SdReader card;    // This object holds the information for the card
FatVolume vol;    // This holds the information for the partition on the card
FatReader root;   // This holds the information for the volumes root directory
FatReader file;   // This object represents the WAV file
WaveHC wave;      // Only wave (audio) object - only one file played at a time
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const int buttonPin = 15;
const int potPin = 0; // analog input pin 0

char * wavFiles[] = {
"1.WAV","2.WAV","3.WAV","4.WAV","5.WAV","6.WAV","7.WAV","8.WAV","9.WAV"};

void setup()
{
  Serial.begin(9600);
  pinMode(buttonPin, INPUT);
  digitalWrite(buttonPin, HIGH); // turn on pull-up resistor

  if (!card.init())
  {
    // Something went wrong, sdErrorCheck prints an error number
    putstring_nl("Card init. failed!"); 
    sdErrorCheck();
    while(1);                           // then 'halt' - do nothing!
  }

  // enable optimized read - some cards may time out
  card.partialBlockRead(true);

  // find a FAT partition!
  uint8_t part;
  for (part = 0; part < 5; part++)      // we have up to 5 slots to look in
  {
    if (vol.init(card, part))
      break;                            // found one so break out of this for loop
  }
  if (part == 5)                        // valid parts are 0 to 4, more not valid
  {
    putstring_nl("No valid FAT partition!");
    sdErrorCheck();                     // Something went wrong, print the error
    while(1);                           // then 'halt' - do nothing!
  }

  // tell the user about what we found
  putstring("Using partition ");
  Serial.print(part, DEC);
  putstring(", type is FAT");
  Serial.println(vol.fatType(),DEC);     // FAT16 or FAT32?

  // Try to open the root directory
  if (!root.openRoot(vol))
  {
    putstring_nl("Can't open root dir!"); // Something went wrong,
    while(1);                             // then 'halt' - do nothing!
  }

  // if here then all the file prep succeeded.
  putstring_nl("Ready!");
}
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void loop()
{
  if(digitalRead(buttonPin) == LOW)
  {
    int value = analogRead(potPin);
    int index = map(value,0,1023,0,8); // index into one of the 9 files
    playcomplete(wavFiles[index]);
    Serial.println(value);
  }
}

// Plays a full file from beginning to end with no pause.
void playcomplete(char *name)
{
  // call playfile find and play this name
  playfile(name);
  while (wave.isplaying) {
    // do nothing while it's playing
  }
  // now it's done playing
}

void playfile(char *name) {
  // see if the wave object is currently doing something
  if (wave.isplaying) { 
  // already playing something, so stop it!
    wave.stop(); // stop it
  }
  // look in the root directory and open the file
  if (!file.open(root, name)) {
    putstring("Couldn't open file ");
    Serial.print(name);
    return;
  }
  // read the file and turn it into a wave object
  if (!wave.create(file)) {
    putstring_nl("Not a valid WAV");
    return;
  }
  // start playback
  wave.play();
}

void sdErrorCheck(void)
{
  if (!card.errorCode()) return;
  putstring("\n\rSD I/O error: ");
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  Serial.print(card.errorCode(), HEX);
  putstring(", ");
  Serial.println(card.errorData(), HEX);
  while(1)
    ; // stay here if there is an error
}

Discussion

See Also

9.6  Controlling MIDI
Problem

Solution
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/*
midiOut sketch
sends MIDI messages to play a scale on a MIDI instrument
each time the switch on pin 2 is pressed
*/

//these numbers specify which note
const byte notes[8] = {60, 62, 64, 65, 67, 69, 71, 72}; 
//they are part of the MIDI specification
const int length = 8;
const int switchPin = 2;
const int ledPin = 13;

void setup() {
  Serial.begin(31250);
  pinMode(switchPin, INPUT);
  digitalWrite(switchPin, HIGH);
  pinMode(ledPin, OUTPUT);
}

void loop() {
  if (digitalRead(switchPin == LOW))
  {
    for (byte noteNumber = 0; noteNumber < 8; noteNumber++)
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    {
      playMidiNote(1, notes[noteNumber], 127);
      digitalWrite(ledPin, HIGH);
      delay(70);
      playMidiNote(1, notes[noteNumber], 0);
      digitalWrite(ledPin, HIGH);
      delay(30);
    }
  }
}

void playMidiNote(byte channel, byte note, byte velocity)
{
  byte midiMessage= 0x90 + (channel - 1);
  Serial.print(midiMessage, BYTE);
  Serial.print(note, BYTE);
  Serial.print(velocity, BYTE);
}

Discussion

playMidiNote

void playMidiNote(byte channel, byte note, byte velocity)
{
  byte midiMessage= 0x90 + (channel - 1);
  Serial.print(midiMessage, BYTE);
  Serial.print(note, BYTE);
  Serial.print(velocity, BYTE);
}
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print
println

See Also

9.7  Making an Audio Synthesizer
Problem

Solution
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Discussion
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See Also

316 | Chapter 9:ಗAudio Output

http://www.vimeo.com/2266458
http://en.wikipedia.org/wiki/Granular_synthesis
http://en.wikipedia.org/wiki/Granular_synthesis
http://en.wikipedia.org/wiki/Theremin


CHAPTER 10

Remotely Controlling External Devices

10.0  Introduction
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10.1  Responding to an Infrared Remote Control
Problem

Solution

/*
  IR_remote_detector sketch
  An IR remote receiver is connected to pin 2.
  The LED on pin 13 toggles each time a button on the remote is pressed.
 */

#include <IRremote.h>                    //adds the library code to the sketch

const int irReceiverPin = 2;             //pin the receiver is connected to
const int ledPin = 13;

IRrecv irrecv(irReceiverPin);            //create an IRrecv object
decode_results decodedSignal;            //stores results from IR detector
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void setup()
{
  pinMode(ledPin, OUTPUT);
  irrecv.enableIRIn();                   // Start the receiver object
}

boolean lightState = false;              //keep track of whether the LED is on
unsigned long last = millis();           //remember when we last received an IR
message

void loop()
{
  if (irrecv.decode(&decodedSignal) == true) //this is true if a message has
been received
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  {
    if (millis() - last > 250) {       //has it been 1/4 sec since last message
      lightState = !lightState;              //toggle the LED
      digitalWrite(ledPin, lightState);
    }
    last = millis();
    irrecv.resume();                         // watch out for another message
  }
}

Discussion

#include <IRremote.h>
IRrecv irrecv(irReceiverPin); IRrecv

irrecv irReceiverPin

irrecv

decode_results receiver
setup irrecv.enableIRIn(); loop

irrecv.decode(&decodedSignal)

decode true decoded
Signal

decodedSignal

Serial.println

if (irrecv.decode(&decodedSignal) == true) //this is true if a message has been
received
   Serial.println(results.value);  // add this line to see decoded results

irrecv.resume();
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10.2  Decoding Infrared Remote Control Signals
Problem

Solution

/*
  RemoteDecode sketch
 Infrared remote control signals are decoded to control LED brightness
 The values for keys 0 through 4 are detected and stored when the sketch starts
 key 0 turns the LED off, the brightness increases in steps with keys 1 through 4
 */

#include <IRremote.h>               // IR remote control library

const int irReceivePin = 2;         // pin connected to the output of the IR
detector
const int ledPin       = 9;         // LED is connected to a PWM pin

const int numberOfKeys = 5;         //  5 keys are learned (0 through 4)
long irKeyCodes[numberOfKeys];      // holds the codes for each key

IRrecv irrecv(irReceivePin);        // create the IR library
decode_results results;             // IR data goes here

void setup()
{
  Serial.begin(9600);
  pinMode(irReceivePin, INPUT);
  pinMode(ledPin, OUTPUT);
  irrecv.enableIRIn();              // Start the IR receiver
  learnKeycodes();                  // learn remote control key  codes
  Serial.println("Press a remote key");
}

void loop()
{
  long key;
  int  brightness;

  if (irrecv.decode(&results))
  {
    // here if data is received
    irrecv.resume();
    key = convertCodeToKey(results.value);
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    if(key >= 0)
    {
      Serial.print("Got key ");
      Serial.println(key);
      brightness = map(key, 0,numberOfKeys-1, 0, 255);
      analogWrite(ledPin, brightness);
    }
  }
}

/*
 * get remote control codes
 */
void learnKeycodes()
{
  while(irrecv.decode(&results))   // empty the buffer
    irrecv.resume();
  Serial.println("Ready to learn remote codes");
  long prevValue = -1;
  int i=0;
  while( i < numberOfKeys)
  {
    Serial.print("press remote key ");
    Serial.print(i);
    while(true)
    {
      if( irrecv.decode(&results) )
      {
          if(results.value != -1 && results.value != prevValue)
          {
            showReceivedData();
            irKeyCodes[i] = results.value;
            i = i + 1;
            prevValue = results.value;
            irrecv.resume(); // Receive the next value
            break;
          }
        irrecv.resume(); // Receive the next value
      }
    }
  }
  Serial.println("Learning complete");
}

/*
 * converts a remote protocol code to a logical key code (or -1 if no digit
received)
 */
int convertCodeToKey(long code)
{
  for( int i=0; i < numberOfKeys; i++)
  {
    if( code == irKeyCodes[i])
    {
      return i; // found the key so return it
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    }
  }
  return -1;
}

/*
 * display the protocol type and value
 */
void showReceivedData()
{
  if (results.decode_type == UNKNOWN)
  {
    Serial.println("-Could not decode message");
  }
  else
  {
    if (results.decode_type == NEC) {
      Serial.print("- decoded NEC: ");
    }
    else if (results.decode_type == SONY) {
      Serial.print("- decoded SONY: ");
    }
    else if (results.decode_type == RC5) {
      Serial.print("- decoded RC5: ");
    }
    else if (results.decode_type == RC6) {
      Serial.print("- decoded RC6: ");
    }
    Serial.print("hex value = ");
    Serial.println( results.value, HEX);
  }
}

Discussion

irrecv.enableIRIn(); // Start the IR receiver

learnKeyCodes
irKeyCodes

irKeyCodes
analogWrite

map analogWrite
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irKeyCodes

learnKeycodes

long irKeyCodes[numberOfKeys] = {
  0x18E758A7,  //0 key
  0x18E708F7,  //1 key
  0x18E78877,  //2 key
  0x18E748B7,  //3 key
  0x18E7C837,  //4 key
  };

See Also

10.3  Imitating Remote Control Signals
Problem

Solution

/*
  irSend sketch
  this code needs an IR LED connected to pin 3
  and 5 switches connected to pins 4 - 8
*/

#include <IRremote.h>       // IR remote control library

const int numberOfKeys = 5;
const int firstKey = 4;   // the first pin of the 5 sequential pins connected to
buttons
boolean buttonState[numberOfKeys];
boolean lastButtonState[numberOfKeys];
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long irKeyCodes[numberOfKeys] = {
  0x18E758A7,  //0 key
  0x18E708F7,  //1 key
  0x18E78877,  //2 key
  0x18E748B7,  //3 key
  0x18E7C837,  //4 key
};

IRsend irsend;

void setup()
{
  for (int i = 0; i < numberOfKeys; i++){
    buttonState[i]=true;
    lastButtonState[i]=true;
    int physicalPin=i + firstKey;
    pinMode(physicalPin, INPUT);
    digitalWrite(physicalPin, HIGH);  // turn on pull-ups
  }
  Serial.begin(9600);
}

void loop() {
  for (int keyNumber=0; keyNumber<numberOfKeys; keyNumber++)
  {
    int physicalPinToRead=keyNumber+4;
    buttonState[keyNumber] = digitalRead(physicalPinToRead);
    if (buttonState[keyNumber] != lastButtonState[keyNumber])
    {
      if (buttonState[keyNumber] == LOW)
      {
        irsend.sendSony(irKeyCodes[keyNumber], 32);
        Serial.println("Sending");
      }
      lastButtonState[keyNumber] = buttonState[keyNumber];
    }
  }
}
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Discussion

IRsend

IRsend irsend;

irKeyCodes

irsend.sendSony(irKeyCodes[keyNumber], 32);

irSend

irKeyCodes
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See Also

10.4  Controlling a Digital Camera
Problem

Solution
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/*
  camera sketch
  takes 20 pictures with a digital camera
  using pin 4 to trigger focus
  pin 3 to trigger the shutter
 */

int focus = 4;               //optocoupler attached to focus
int shutter = 3;             //optocoupler attached to shutter
long exposure = 250;         //exposure time in milliseconds
long interval = 10000;       //time between shots, in milliseconds

void setup()
{
  pinMode(focus, OUTPUT);
  pinMode(shutter, OUTPUT);
  for (int i=0; i<20; i++)                 //camera will take 20 pictures
  {
    takePicture(exposure);                 //takes picture
    delay(interval);                       //wait to take the next picture
  }
}

void loop()
{
                                      //once it's taken 20 pictures it is done,
so loop is empty
                                      //but loop still needs to be here or the
sketch won't compile
}

void takePicture(long exposureTime)
{
  int wakeup = 10;                       //camera will take some time to wake up
and focus
                                            //adjust this to suit your camera
  digitalWrite(focus, HIGH);                //wake the camera and focus
  delay(wakeup);                            //wait for it to wake up and focus
  digitalWrite(shutter, HIGH);              //open the shutter
  delay(exposureTime);                      //wait for the exposure time
  digitalWrite(shutter, LOW);               //release shutter
  digitalWrite(focus, LOW);                 //release the focus
}
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Discussion

takePicture

See Also
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10.5  Controlling AC Devices by Hacking a Remote Controlled
Switch
Problem

Solution
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/*
 OptoRemote sketch
 A switch connected to pin 2 turns a device on and off using optocouplers
 The outputs are pulsed for half a second when the switch is pressed or released
*/
const int inputPin     = 2;         // input pin for the switch
const int remoteOnPin  = 3;         // output pin to turn the remote on
const int remoteOffPin = 4;         // output pin to turn the remote off
const int PUSHED       = LOW;       // value when button is pressed
boolean isOn;                       // variable stores the last command

void setup() {
 Serial.begin(9600);
 pinMode(remoteOnPin, OUTPUT);
 pinMode(remoteOffPin, OUTPUT);
 pinMode(inputPin, INPUT);
 digitalWrite(inputPin,HIGH);  // turn on internal pull-up on the inputPin
}
void loop(){
 int val = digitalRead(inputPin);  // read input value
 // if the switch is pushed then switch on if not already on
 if( val == PUSHED)
 {
    if(isOn != true)       // if it's not already on, turn the remote button on
    {
     pulseRemote(remoteOnPin);
     isOn = true;                // remember that the remote is now on
    }
 }
 // if the switch is not pushed then switch off if not already off
 else
 {
    // here if the button is not pushed
    if(isOn == true)               // if it's on, turn the remote button off
    {
     pulseRemote(remoteOffPin);
     isOn = false;                // remember that the remote is now off
    }
 }
}
// turn the optocoupler on for half a second to blip the remote control button
void pulseRemote(int pin )
{
 digitalWrite(pin, HIGH);     // turn the optocoupler on
 delay(500);                  // wait half a second
 digitalWrite(pin, LOW);      // turn the optocoupler off
}

Discussion
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CHAPTER 11

Using Displays

11.0  Introduction

print
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11.1  Connecting and Using a Text LCD Display
Problem

Solution
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LCD pin Function Arduino pin

1 Gnd or 0V or Vss Gnd

2 +5V or Vdd 5V

3 Vo or contrast  

4 RS 12

5 R/W  

6 E 11

7 D0  

8 D1  

9 D2  

10 D3  

11 D4 5

12 D5 4

13 D6 3

14 D7 2

15 A or analog  

16 K or cathode  
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numRows numCols

/*
  LiquidCrystal Library - Hello World

  Demonstrates the use of a 16 × 2 LCD display.
  http://www.arduino.cc/en/Tutorial/LiquidCrystal
 */

#include <LiquidCrystal.h> // include the library code

//constants for the number of rows and columns in the LCD
const int numRows = 2;
const int numCols = 16;

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup()
{
  lcd.begin(numCols, numRows);
  lcd.print("hello, world!");  // Print a message to the LCD.
}

void loop()
{
  // set the cursor to column 0, line 1
  // (note: line 1 is the second row, since counting begins with 0):
  lcd.setCursor(0, 1);
  // print the number of seconds since reset:
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  lcd.print(millis()/1000);
}

Discussion

See Also

print

11.2  Formatting Text
Problem
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Solution

numRows numCols

/*
  LiquidCrystal Library - FormatText
 */

#include <LiquidCrystal.h> // include the library code:

//constants for the number of rows and columns in the LCD
const int numRows = 2;
const int numCols = 16;

int count;

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup()
{
  lcd.begin(numCols, numRows);
  lcd.print("Starting in ");  // this string is 12 characters long
  for(int i=9; i > 0; i--)    // count down from 9
  {
    // the top line is row 0
    lcd.setCursor(12,0); // move the cursor to the end of the string
printed above
    lcd.print(i);
    delay(1000);
  }
}

void loop()
{
  int columnWidth = 4;         //spacing for the columns
  int displayColumns = 3;      //how many columns of numbers

  lcd.clear();
  for( int col=0; col < displayColumns; col++)
  {
    lcd.setCursor(col * columnWidth, 0);
    count = count+ 1;
    lcd.print(count);
  }
  delay(1000);
}

338 | Chapter 11:ಗUsing Displays

D
ow
nl
oa
d  
fr
om
  W
ow
!  e
Bo
ok
  <
w
w
w
.w
ow
eb
oo
k.
co
m
>



Discussion
lcd.print Serial.print

lcd.print

lcd.setCursor() lcd.print

lcd.print

setup

lcd.setCursor(12,0); // move the cursor to the 13th position
lcd.print(i);

lcd.setCursor(12,0)

setCursor(4,0)

setCursor
columnwidth

lcd.setCursor(col * columnWidth, 0);
count = count+ 1;
lcd.print(count);
lcd.clear();

lcd.clear

loop
loop numRows numCols

void loop()
{
int columnWidth = 4;
int displayColumns = 3;

  lcd.clear();
  for(int row=0; row < numRows; row++)
  {
    for( int col=0; col < displayColumns; col++)
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    {
      lcd.setCursor(col * columnWidth, row);
      count = count+ 1;
      lcd.print(count);
    }
  }
  delay(1000);
}

for for

displayColumns

int displayColumns = 3;

int displayColumns = numCols / columnWidth;

See Also

11.3  Turning the Cursor and Display On or Off
Problem

Solution

/*
  blink
 */

// include the library code:
#include <LiquidCrystal.h>

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup()
{
  // set up the LCD's number of columns and rows and:
  lcd.begin(16, 2);
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  // Print a message to the LCD.
  lcd.print("hello, world!");
}

void loop()
{
  lcd.setCursor(0, 1);

  lcd.print("cursor blink");
  lcd.blink();
  delay(2000);

  lcd.noBlink();
  lcd.print(" noBlink");
  delay(2000);

  lcd.clear();

  lcd.print("Display off ...");
  delay(1000);
  lcd.noDisplay();
  delay(2000);

  lcd.display();  // turn the display back on

  lcd.setCursor(0, 0);
  lcd.print(" display flash !");
  displayBlink(2, 250);  // blink twice
  displayBlink(2, 500);  // and again for twice as long

  lcd.clear();
}

void displayBlink(int blinks, int duration)
{
  while(blinks--)
  {
    lcd.noDisplay();
    delay(duration);
    lcd.display();
    delay(duration);
  }
}

Discussion
blink noBlink

displayBlink
lcd.display()

lcd.noDisplay()
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11.4  Scrolling Text
Problem

Solution
lcd.ScrollDisplayLeft lcd.ScrollDisplayRight

/*
  Scroll
  * this sketch scrolls text left when tilted
  * text scrolls right when not tilted.
 */

#include <LiquidCrystal.h>

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);
const int numRows = 2;
const int numCols = 16;

const int tiltPin = 7; // pin connected to tilt sensor

const char textString[] = "tilt to scroll";
const int textLen = sizeof(textString) -1; // the number of characters
boolean isTilted = false;

void setup()
{
  // set up the LCD's number of columns and rows:
  lcd.begin(numCols, numRows);
  digitalWrite(tiltPin, HIGH); // turn on pull-ups for the tilt sensor
  lcd.print(textString);
}

void loop()
{
  if(digitalRead(tiltPin) == LOW && isTilted == false )
  {
    // here if tilted left so scroll text left
    isTilted = true;
    for (int position = 0; position  < textLen; position++)
    {
      lcd.scrollDisplayLeft();
      delay(150);
    }
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  }
  if(digitalRead(tiltPin) == HIGH && isTilted == true )
  {
    // here if previously tilted but now flat, so scroll text right
    isTilted = false;
    for (int position = 0; position  < textLen; position++)
    {
      lcd.scrollDisplayRight();
      delay(150);
    }
  }
}

Discussion
loop

LOW HIGH LOW
isTilted

for

marquee

/*
  Marquee
  * this sketch scrolls a long line of text
 */

#include <LiquidCrystal.h>

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);
const int numRows = 2;
const int numCols = 16;

void setup()
{
  // set up the LCD's number of columns and rows:
  lcd.begin(numCols, numRows);
}

void loop()
{
  marquee("A message too long to fit !");
  delay(1000);
  lcd.clear();
}
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// this function uses scrolling to display a message up to 32 bytes long
void marquee( char *text)
{
  int length = strlen(text); // the number of characters in the text
  if(length < numCols)
    lcd.print(text);
  else
  {
    int pos;
    for( pos = 0; pos < numCols; pos++)
       lcd.print(text[pos]);
    delay(1000); // allow time to read the first line before scrolling
    while(pos < length)
    {
      lcd.scrollDisplayLeft();
      lcd.print(text[pos]);
      pos = pos + 1;
      delay(300);
    }
  }
}

lcd.scrollDisplayLeft

// this version of marquee uses manual scrolling for very long messages
void marquee( char *text)
{
  int length = strlen(text); // the number of characters in the text
  if(length < numCols)
    lcd.print(text);
  else
  {
    int pos;
    for( pos = 0; pos < numCols; pos++)
       lcd.print(text[pos]);
    delay(1000); // allow time to read the first line before scrolling
    while(pos <= length - numCols)
    {
      lcd.setCursor(0,0);
      for( int i=0; i < numCols; i++)
        lcd.print(text[pos+i]);
      delay(300);
      pos = pos + 1;
    }
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  }
}

11.5  Displaying Special Symbols
Problem

÷ π 

Solution

setup loop

/*
  LiquidCrystal Library - Special Chars
 */

#include <LiquidCrystal.h>

//set constants for number of rows and columns to match your LCD
const int numRows = 2;
const int numCols = 16;

// defines for some useful symbols
const byte degreeSymbol = B11011111;
const byte piSymbol     = B11110111;
const byte centsSymbol  = B11101100;
const byte sqrtSymbol   = B11101000;
const byte omegaSymbol  = B11110100;  // the symbol used for ohms

byte charCode = 32; // the first printable ascii character
int col;
int row;

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup()
{
  lcd.begin(numRows, numCols);

  showSymbol(degreeSymbol, "degrees");
  showSymbol  (piSymbol, "pi");
  showSymbol(centsSymbol, "cents");
  showSymbol(sqrtSymbol, "sqrt");
  showSymbol(omegaSymbol, "ohms");
  lcd.clear();

}
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void loop()
{
   lcd.print(charCode);
   calculatePosition();
    if(charCode == 255)
    {
        // finished all characters so wait another few seconds and start over
        delay(2000);
        lcd.clear();
        row = col = 0;
        charCode = 32;
    }
    charCode = charCode + 1;
}

void calculatePosition()
{
   col = col + 1;
   if( col == numCols)
   {
      col = 0;
      row = row + 1;
      if( row == numRows)
      {
         row = 0;
         delay(2000); // pause
         lcd.clear();
      }
      lcd.setCursor(col, row);
    }
}

// function to display a symbol and its description
void showSymbol( byte symbol, char * description)
{
  lcd.clear();
  lcd.print(symbol);
  lcd.print(' '); // add a space before the description
  lcd.print(description);
  delay(3000);
}

Discussion
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lcd.print

showSymbol

void showSymbol( byte symbol, char * description)

See Also

11.6  Creating Custom Characters
Problem
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Solution

/*
  custom_char sketch
  creates an animated face using custom characters
*/

#include <LiquidCrystal.h>
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

byte happy[8] =
{
  B00000,
  B10001,
  B00000,
  B00000,
  B10001,
  B01110,
  B00000,
  B00000
};

byte saddy[8] =
{
  B00000,
  B10001,
  B00000,
  B00000,
  B01110,
  B10001,
  B00000,
  B00000
};

void setup() {
  lcd.createChar(0, happy);
  lcd.createChar(1, saddy);
  lcd.begin(16, 2);

}

void loop() {
  for (int i=0; i<2; i++)
  {
    lcd.setCursor(0,0);
    lcd.write(i);
    delay(500);
  }
}
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Discussion

happy saddy

setup happy

lcd.createChar(0, happy);

lcd.write(0);

lcd.write('0'); // this prints a zero

for

11.7  Displaying Symbols Larger Than a Single Character
Problem
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Solution

/*
 * customChars
 *
 * This sketch displays double-height digits
 * the bigDigit arrays were inspired by Arduino forum member dcb
 */

#include <LiquidCrystal.h>

LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

byte glyphs[5][8] = {
  { B11111,B11111,B00000,B00000,B00000,B00000,B00000,B00000  } ,
  { B00000,B00000,B00000,B00000,B00000,B00000,B11111,B11111  } ,
  { B11111,B11111,B00000,B00000,B00000,B00000,B11111,B11111  } ,
  { B11111,B11111,B11111,B11111,B11111,B11111,B11111,B11111  } ,
  { B00000,B00000,B00000,B00000,B00000,B01110,B01110,B01110  } };

const int digitWidth = 3; // the width in characters of a big digit (excludes
space between characters)
//arrays  to index into custom characters that will comprise the big numbers
// digits 0 - 4                             0      1       2      3      4
const char bigDigitsTop[10][digitWidth]={ 3,0,3, 0,3,32, 2,2,3, 0,2,3, 3,1,3,
// digits 5-9                               5      6      7        8      9
                                          3,2,2, 3,2,2, 0,0,3,   3,2,3, 3,2,3};

const char bigDigitsBot[10][ digitWidth]={ 3,1,3, 1,3,1,  3,1,1, 1,1,3, 32,32,3,
                                           1,1,3, 3,1,3, 32,32,3, 3,1,3, 1,1,3};

char buffer[12]; // used to convert a number into a string

void setup ()
{
  lcd.begin(20,4);
  // create the custom glyphs
  for(int i=0; i < 5; i++)
    lcd.createChar(i, glyphs[i]);   // create the 5 custom glyphs

  // show a countdown timer
  for(int digit = 9; digit >= 0; digit--)
  {
    showDigit(digit, 2);  // show the digit
    delay(1000);
  }
  lcd.clear();
}
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void loop ()
{
  // now show the number of seconds since the sketch started
  int number = millis() / 1000;
  showNumber( number, 0);
  delay(1000);
}

void showDigit(int digit, int position)
{
  lcd.setCursor(position * (digitWidth + 1), 0);
   for(int i=0; i < digitWidth; i++)
      lcd.print(bigDigitsTop[digit][i]);
   lcd.setCursor(position * (digitWidth + 1), 1);
   for(int i=0; i < digitWidth; i++)
      lcd.print(bigDigitsBot[digit][i]);
}

void showNumber(int value, int position)
{
 int index; // index to the digit being printed, 0 is the leftmost digit

    itoa(value, buffer, 10); // see Recipe 2.8 for more on using itoa
    // dislay each digit in sequence
    for(index = 0; index < 10; index++) // display up to ten digits
    {
      char c = buffer[index];
      if( c == 0)  // check for null (not the same as '0')
         return; // the end of string character is a null, see Chapter 2
      c = c - 48; // convert ascii value to a numeric value  (see Recipe 2.9)
      showDigit(c, position + index);
    }
}

Discussion

glyphs

byte glyphs[5][8] = {

[5] [8]
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glyph[0]

  { B11111,B11111,B00000,B00000,B00000,B00000,B00000,B00000  } ,

bigDigitsTop bigDigitsBot

See Also

11.8  Displaying Pixels Smaller Than a Single Character
Problem

352 | Chapter 11:ಗUsing Displays



Solution

/*
 * customCharPixels
 */

#include <LiquidCrystal.h>

LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

//set constants for number of rows and columns to match your LCD
const int numRows = 2;
const int numCols = 16;

// array of bits defining pixels for 8 custom characters
// ones and zeros indicate if a pixel is on or off

  byte glyphs[8][8]  = {
      {B00000,B00000,B00000,B00000,B00000,B00000,B00000,B11111},   // 0
      {B00000,B00000,B00000,B00000,B00000,B00000,B11111,B11111},   // 1
      {B00000,B00000,B00000,B00000,B00000,B11111,B11111,B11111},   // 2
      {B00000,B00000,B00000,B00000,B11111,B11111,B11111,B11111},   // 3
      {B00000,B00000,B00000,B11111,B11111,B11111,B11111,B11111},   // 4
      {B00000,B00000,B11111,B11111,B11111,B11111,B11111,B11111},   // 5
      {B00000,B11111,B11111,B11111,B11111,B11111,B11111,B11111},   // 6
      {B11111,B11111,B11111,B11111,B11111,B11111,B11111,B11111}};  // 7

void setup ()
{
  lcd.begin(numCols, numRows);
  for(int i=0; i < 8; i++)
    lcd.createChar(i, glyphs[i]);     // create the custom glyphs
  lcd.clear();
}
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void loop ()
{
  for( byte i=0; i < 8; i++)
    lcd.print(i);   // show all eight single height bars
  delay(2000);
  lcd.clear();
}

Discussion

int value = analogRead(0);
byte glyph = map(value, 0, 1023,0,8);// returns a proportional value
from 0 through 7
lcd.print(glyph);

doubleHeightBars

void  doubleHeightBars(int value, int column)
{
char upperGlyph;
char lowerGlyph;

  if(value < 8)
  {
     upperGlyph = ' ';  // no pixels lit
     lowerGlyph = value;
  }
  else
  {
     upperGlyph = value - 8;
     lowerGlyph = 7; // all pixels lit
  }

  lcd.setCursor(column, 0); // do the upper half
  lcd.print(upperGlyph);
  lcd.setCursor(column, 1); // now to the lower half
  lcd.print(lowerGlyph);
}

doubleHeightBars

for( int i=0; i < 16; i++)
{
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  int value = analogRead(0);
  value = map(value, 0, 1023,0,16);
  doubleHeightBars(value, i); // show a value from 0 to 15
  delay(1000);  // one second interval between readings
}

11.9  Connecting and Using a Graphical LCD Display
Problem

Solution
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Arduino pins Mega pins GLCD function Panel A Panel B Panel C Comments

5V 5V +5 volts 1 2 13  

Gnd Gnd Gnd 2 1 14  

N/A N/A Contrast in 3 3 12 Wiper of contrast pot

8 22 D0 4 7 1  

9 23 D1 5 8 2  

10 24 D2 6 9 3  

11 25 D3 7 10 4  

4 26 D4 8 11 5  

5 27 D5 9 12 6  

6 28 D6 10 13 7  

7 29 D7 11 14 8  

14 (analog 0) 33 CSEL1 12 15 15 Chip 1 select

15 (analog 1) 34 CSEL2 13 16 16 Chip 2 select

Reset  Reset 14 17 18 Connect to reset

16 (analog 2) 35 R_W 15 5 10 Read/write

17 (analog 3) 36 D_I 16 4 11 Data/instruction (RS)

18 (analog 4) 37 EN 17 6 9 Enable

N/A N/A Contrast out 18 18 17 10K or 20K preset

N/A N/A Backlight +5 19 19 19 See data sheet

Gnd Gnd Backlight Gnd 20 20 20 See data sheet
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/*
   glcd
 */

#include <glcd.h>

#include "fonts/allFonts.h"         // this makes all the distributed fonts
available to your sketch

int count = 0;

void setup()
{
  GLCD.Init(NON_INVERTED);          // initialize the library
  GLCD.ClearScreen();
  GLCD.SelectFont(System5x7);       // select fixed width system font
  GLCD.print("hello world");        // print a message
  delay(3000);
}
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void loop()
{

    GLCD.ClearScreen();
    GLCD.DrawRect(0, 0, 64, 61, BLACK); // rectangle in left side of screen
    // rounded rectangle around text area
    GLCD.DrawRoundRect(68, 0, 58, 61, 5, BLACK);
    for(int i=0; i < 62; i += 4)
    {
      // draw lines from upper left down right side of rectangle
      GLCD.DrawLine(1,1,63,i, BLACK);
    }
    GLCD.DrawCircle(32,31,30,BLACK);   // circle centered on left side of screen
    GLCD.FillRect(92,40,16,16, WHITE); // clear previous spinner position
    GLCD.CursorTo(5,5);                // locate cursor for printing text
    GLCD.PrintNumber(count);           // print a number at current cursor position
    count = count + 1;
    delay(1000);
}

Discussion

gText  myTextArea = gText(GLCD.CenterX-16, GLCD.CenterY -16, GLCD.CenterX +16,
GLCD.CenterY+16);

myTextArea.SelectFont(System5x7); // select the system font for the text area
name textTop
myTextArea.println("Go");         // print a line of text to the text area.
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11.10  Creating Bitmaps for Use with a Graphical Display
Problem

Solution

#include "bitmaps/allBitmaps.h"  // this line includes all distributed bitmaps

DrawBitmap
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/*
 * GLCDImage
 * Display an image defined in me.h
 */

#include <glcd.h>

#include "bitmaps/allBitmaps.h"       // all images in the bitmap folder

void setup()
{
  GLCD.Init();   // initialize the library
  GLCD.ClearScreen();
  GLCD.DrawBitmap(ArduinoIcon, 0,0); //draw the supplied bitmap
  delay(5000);
  GLCD.ClearScreen();
  GLCD.DrawBitmap(me, 0,0); //draw your bitmap
}

void  loop()
{

}

GLCD.DrawBitmap(ArduinoIcon, 0,0); //draw the supplied bitmap

GLCD.DrawBitmap(me, 0,0);
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See Also

11.11  Displaying Text on a TV
Problem

Solution

/*
  TellyMate
  Simple demo for TellMmate Shield
*/

const byte ESC = 0x1B;       // ASCII escape character used in TellyMate commands

void setup()
{
  Serial.begin(57600); //57k6 baud is default TellyMate speed
  clear();  // clear the screen
  Serial.print("   TellyMate Character Set"); // write some text
  delay(2000);
}

void loop()
{

  byte charCode = 32;    // characters 0 through 31 are control codes
  for(int row=0; row < 7; row++) // show 7 rows
  {
    setCursor(2, row + 8); // center the display
    for(int col= 0; col < 32; col++) // 32 characters per row
    {
       Serial.print(charCode);
       charCode = charCode + 1;
       delay(20);
    }
  }
  delay(5000);
  clear();
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}

// TellyMate helper functions

void clear( )  // clear the screen
{ // <ESC>E
  Serial.print(ESC);
  Serial.print('E');
}

void setCursor( int col, int row) // set the cursor
{ // <ESC>Yrc
  Serial.print(ESC);
  Serial.print('Y' ) ;
  Serial.print((unsigned char)(32 + row)) ;
  Serial.print((unsigned char)(32 + col)) ;
}

Discussion
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cursorHide

void cursorHide()
{ // <ESC>f
  Serial.print(ESC) ;    // the escape character
  Serial.print('f' ) ;   // ... followed by the letter f will turn off the cursor.
}

drawBox showXY

drawBox(1,0, 38, 24);  // the screen is 38 characters wide and 25 high

drawBox

// characters that form the box outline
// see http://en.wikipedia.org/wiki/Code_page_437
const  byte boxUL = 201;
const  byte boxUR = 187;
const  byte boxLL = 200;
const  byte boxLR = 188;
const  byte HLINE = 205;  // horizontal line
const  byte VLINE = 186;  // vertical line

void drawBox( int startRow, int startCol, int width, int height)
{
  //draw top line
  showXY(boxUL, startCol,startRow);  // the upper-left corner
  for(int col = startCol + 1; col < startCol + width-1; col++)
     Serial.print(HLINE); // the line characters
  Serial.print(boxUR);  // upper-right character

  // draw left and right edges
  for(int row = startRow + 1; row < startRow + height -1; row++)
  {
     showXY(VLINE, startCol,row);  // left edge
     showXY(VLINE, startCol + width-1,row);  // right edge
  }
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  // draw bottom line
  showXY(boxLL, 0, startRow+height-1);  // the lower-left corner character
  for(int col = startCol + 1; col < startCol + width-1; col++)
     Serial.print(HLINE);
  Serial.print(boxLR);

}

drawBox showXY

void showXY( char ch, int x, int y){
  // display the given character at the screen x and y location
  setCursor(x,y);
  Serial.print(ch);
}

/*
  TellyBounce
*/

// define the edges of the screen:
const int HEIGHT = 25;    // the number of text rows
const int WIDTH  = 38;    // the number of characters in a row
const int LEFT   =  0;    // useful constants derived from the above
const int RIGHT  = WIDTH -1;
const int TOP    = 0;
const int BOTTOM = HEIGHT-1;

const byte BALL  = 'o';      // character code for ball
const byte ESC = 0x1B;       // ASCII escape character used in TellyMate commands

int ballX = WIDTH/2;          // X position of the ball
int ballY = HEIGHT/2;         // Y position of the ball
int ballDirectionY = 1;       // X direction of the ball
int ballDirectionX = 1;       // Y direction of the ball

// this delay moves ball across the 38-character screen in just under 4 seconds
long interval = 100;          

void setup()
{
  Serial.begin(57600);   // 57k6 baud is default TellyMate speed
  clear();               // clear the screen
  cursorHide();          // turn cursor off
}

void loop()
{
  moveBall();
  delay(interval);
}
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void moveBall() {
  // if the ball goes off the top or bottom, reverse its Y direction
  if (ballY == BOTTOM || ballY == TOP)
    ballDirectionY = -ballDirectionY;

  // if the ball goes off the left or right, reverse its X direction
  if ((ballX == LEFT) || (ballX == RIGHT))
    ballDirectionX = -ballDirectionX;

  // clear the ball's previous position
  showXY(' ', ballX, ballY);

  // increment the ball's position in both directions
  ballX = ballX + ballDirectionX;
  ballY = ballY + ballDirectionY;

  // show the new position
  showXY(BALL, ballX, ballY);
}

// TellyMate helper functions

void clear( )  // clear the screen
{ // <ESC>E
  Serial.print(ESC);
  Serial.print('E');
}

void setCursor( int col, int row) // set the cursor
{ // <ESC>Yrc
  Serial.print(ESC);
  Serial.print('Y' ) ;
  Serial.print((unsigned char)(32 + row)) ;
  Serial.print((unsigned char)(32 + col)) ;
}

void cursorShow( )
{ // <ESC>e
  Serial.print(ESC) ;
  Serial.print('e') ;
}

void cursorHide()
{ // <ESC>f
  Serial.print(ESC) ;
  Serial.print('f' ) ;
}

void showXY( char ch, int x, int y){
  // display the given character at the screen x and y location
  setCursor(x,y);
  Serial.print(ch);
}

11.11  Displaying Text on a TV | 365

D
ow
nl
oa
d  
fr
om
  W
ow
!  e
Bo
ok
  <
w
w
w
.w
ow
eb
oo
k.
co
m
>



See Also
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CHAPTER 12

Using Time and Dates

12.0  Introduction

12.1  Creating Delays
Problem

Solution
delay delay

delay

/*
 * delay sketch
 */

const long oneSecond = 1000;  // a second is a thousand milliseconds
const long oneMinute = oneSecond * 60;
const long oneHour   = oneMinute * 60;
const long oneDay    = oneHour * 24;

void setup()
{
  Serial.begin(9600);
}
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void loop()
{
  Serial.println("delay for 1 millisecond");
  delay(1);
  Serial.println("delay for 1 second");
  delay(oneSecond);
  Serial.println("delay for 1 minute");
  delay(oneMinute);
  Serial.println("delay for 1 hour");
  delay(oneHour);
  Serial.println("delay for 1 day");
  delay(oneDay);
  Serial.println("Ready to start over");
}

Discussion
delay

delay
millis

delayMicroseconds
delayMicroseconds

delay

 delayMicroseconds(10);  // delay for 10 microseconds

delay delayMicroseconds

See Also
delay

12.2  Using millis to Determine Duration
Problem
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Solution
millis

/*
  millisDuration sketch
  returns the number of milliseconds that a button has been pressed
 */

const int switchPin = 2;                   // the number of the input pin

long startTime; // the value returned from millis when the switch is pressed
long duration;  // variable to store the duration

void setup()
{
  pinMode(switchPin, INPUT);
  digitalWrite(switchPin, HIGH); // turn on pull-up resistor
  Serial.begin(9600);
}

void loop()
{
  if(digitalRead(switchPin) == LOW)
  {
     // here if the switch is pressed
     startTime = millis();
     while(digitalRead(switchPin) == LOW)
        ; // wait while the switch is still pressed
     long duration = millis() - startTime;
     Serial.println(duration);
  }
}

Discussion
millis

     long duration = millis() - startTime;

millis
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void loop()
{
  // here is where you'd put code that needs to be running all the time...

  if (millis() - previousMillis > interval)
  {
    // save the last time you blinked the LED

millis
previousMillis

    previousMillis = millis();

    // if the LED is off turn it on and vice versa:
    if (ledState == LOW)
      ledState = HIGH;
    else
      ledState = LOW;

    // set the LED with the ledState of the variable:
    digitalWrite(ledPin, ledState);
  }
}

myDelay
loop

loop

// blink an LED for a set amount of time
const int ledPin =  13;         // the number of the LED pin

int ledState = LOW;             // ledState used to set the LED
long previousMillis = 0;        // will store last time LED was updated

void setup()
{
  pinMode(ledPin, OUTPUT);
  Serial.begin(9600);
}

void loop()
{
  Serial.println(millis() / 1000); // print the number of elapsed seconds every
four seconds
  // wait four seconds (but at the same time, quickly blink an LED)
  myDelay(4000);                 
}

// duration is delay time in milliseconds
void myDelay(unsigned long duration)
{
  unsigned long start = millis();
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  while (millis() - start <= duration)
  {
    blink(100);  // blink the LED inside the while loop
  }
}

// interval is the time that the LED is on and off
void blink(long interval)
{
  if (millis() - previousMillis > interval)
  {
    // save the last time you blinked the LED
    previousMillis = millis();
    // if the LED is off turn it on and vice versa:
    if (ledState == LOW)
      ledState = HIGH;
    else
      ledState = LOW;
    digitalWrite(ledPin, ledState);
  }
}

myDelay

#include <TimedAction.h>

//this initializes a TimedAction class that will change the state of an LED
every second.
TimedAction timedAction = TimedAction(NO_PREDELAY,1000,blink);

const int ledPin =  13;      // the number of the LED pin
boolean ledState = false;

void setup()
{
  pinMode(ledPin,OUTPUT);
  digitalWrite(ledPin,ledState);
}

void loop()
{
  timedAction.check();
}

void blink()
{
  if (ledState == LOW)
    ledState = HIGH;
  else
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     ledState = LOW;

  ledState ? ledState=false : ledState=true;
  digitalWrite(ledPin,ledState);
}

See Also
millis

12.3  More Precisely Measuring the Duration of a Pulse
Problem

Solution
pulseIn

LOW

/*
  PulseIn sketch
  uses pulseIn to display how long a switch is pressed and released
 */

const int inputPin = 2;         // input pin for the switch

long val;

void setup()
{
  pinMode(inputPin, INPUT);
  digitalWrite(inputPin,HIGH);  // turn on internal pull-up on the inputPin
  Serial.begin(9600);
  Serial.println("Press and release switch");
}

void loop()
{

  val = pulseIn(inputPin, LOW);
  if( val != 0)  // timeout returns 0
  {
    Serial.print("switch pressed for ");
    Serial.print(val);
    Serial.println(" microseconds");
  }
}
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Discussion
pulseIn HIGH LOW

pulseIn(pin, HIGH); // returns microseconds that pulse is HIGH
pulseIn(pin, LOW)   // returns microseconds that pulse is LOW

pulseIn

 pulseIn(pin, HIGH, 5000); // wait 5 milliseconds for the pulse to start

pulseIn

See Also
pulseIn

pulseIn

12.4  Using Arduino As a Clock
Problem

Solution

/*
 * Time sketch
 *
 */

#include <Time.h>
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void setup()
{
  Serial.begin(9600);
  setTime(12,0,0,1,1,11); // set time to noon Jan 1 2011
}

void loop()
{
  digitalClockDisplay();
  delay(1000);
}

void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.print(" ");
  Serial.print(day());
  Serial.print(" ");
  Serial.print(month());
  Serial.print(" ");
  Serial.print(year());
  Serial.println();
}

void printDigits(int digits){
  // utility function for clock display: prints preceding colon and leading 0
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

Discussion

setTime

time_t
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/*
 * TimeSerial sketch
 * example code illustrating Time library set through serial port messages.
 *
 * Messages consist of the letter T followed by ten digit time (as seconds since
Jan 1 1970)
 * You can send the text on the next line using Serial Monitor to set the clock
to noon Jan 1 2011
 T 1293883200
 *
 * A Processing example sketch to automatically send the messages is included in
the download
 */

#include <Time.h>

#define TIME_MSG_LEN  11   // time sync consists of a HEADER followed by ten
ascii digits
#define TIME_HEADER  'T'   // Header tag for serial time sync message

void setup()  {
  Serial.begin(9600);
  Serial.println("Waiting for time sync message");
}

void loop(){
  if(Serial.available() )
  {
    processSyncMessage();
  }
  if(timeStatus()!= timeNotSet)
  {
    // here if the time has been set
    digitalClockDisplay();
  }
  delay(1000);
}

void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.print(" ");
  Serial.print(day());
  Serial.print(" ");
  Serial.print(month());
  Serial.print(" ");
  Serial.print(year());
  Serial.println();
}
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void printDigits(int digits){
  // utility function for digital clock display: prints preceding colon and
leading 0
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

void processSyncMessage() {
  // if time sync available from serial port, update time and return true
  // time message consists of a header and ten ascii digits
  while(Serial.available() >=  TIME_MSG_LEN ){  
    char c = Serial.read() ;
    Serial.print(c);
    if( c == TIME_HEADER ) {
      time_t pctime = 0;
      for(int i=0; i < TIME_MSG_LEN -1; i++){
        c = Serial.read();
        if( c >= '0' && c <= '9'){
          pctime = (10 * pctime) + (c - '0') ; // convert digits to a number
        }
      }
      setTime(pctime);   // Sync clock to the time received on serial port
    }
  }
}

Waiting for time sync message

T1282041639
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10:40:49 17 8 2010
10:40:50 17 8 2010
10:40:51 17 8 2010
10:40:52 17 8 2010
10:40:53 17 8 2010
10:40:54 17 8 2010
. . .

/*
   AdjustClockTime sketch
   buttons on pins 2 and 3 adjust the time
 */

#include <Time.h>

const int  btnForward = 2;  // button to move time forward
const int  btnBack = 3;     // button to move time back

unsigned long  prevtime;   // when the clock was last displayed

void setup()
{
  digitalWrite(btnForward, HIGH);  // enable internal pull-up resistors
  digitalWrite(btnBack, HIGH);
  setTime(12,0,0,1,1,11); // start with the time set to noon Jan 1 2011
  Serial.begin(9600);
  Serial.println("ready");
}

void loop()
{
  prevtime = now();   // note the time
  while( prevtime == now() )    // stay in this loop till the second changes
  {
      // check if the set button pressed while waiting for second to roll over
     if(checkSetTime())
         prevtime = now();   //  time changed so reset start time
  }
  digitalClockDisplay();
}

digitalClockDisplay printDigits
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 #include <Time.h>

const int  potPin = 0;     // pot to determine direction and speed
const int  buttonPin = 2;  // button enables time adjustment

unsigned long  prevtime;   // when the clock was last displayed

void setup()
{
  digitalWrite(buttonPin, HIGH);  // enable internal pull-up resistors
  setTime(12,0,0,1,1,11); // start with the time set to noon Jan 1 2011
  Serial.begin(9600);
}

void loop()
{
  prevtime = now();   // note the time
  while( prevtime == now() )    // stay in this loop till the second changes
  {
      // check if the set button pressed while waiting for second to roll over
     if(checkSetTime())
         prevtime = now();   //  time changed so reset start time
  }
  digitalClockDisplay();
}

// functions checks to see if the time should be adjusted
// returns true if time was changed
boolean checkSetTime()
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{
int value;  // a value read from the pot
int step;   // the number of seconds to move (backwards if negative)
boolean isTimeAdjusted = false;  // set to true if the time is adjusted

  while(digitalRead(buttonPin)== LOW)
  {
    // here while button is pressed
     value = analogRead(potPin);  // read the pot value
     step = map(value, 0,1023, 10, -10);  // map value to the desired range
     if( step != 0)
     {
        adjustTime(step);
        isTimeAdjusted = true; // to tell the user that the time has changed
        digitalClockDisplay(); // update clock
        delay(100);
     }
  }
  return isTimeAdjusted;
}

digitalClockDisplay printDigits
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dayOfWeek( now() );           //the day of the week (Sunday is day 1)
elapsedSecsToday( now() );    // returns the number of seconds since the start
of today
nextMidnight( now() );        // how much time to the end of the day
elapsedSecsThisWeek( now() ); // how much time has elapsed since the start of
the week

void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.print(" ");
  Serial.print(dayStr(weekday())); // print the day of the week
  Serial.print(" ");
  Serial.print(day());
  Serial.print(" ");
  Serial.print(monthShortStr(month())); // print the month (abbreviated)
  Serial.print(" ");
  Serial.print(year());
  Serial.println();
}

See Also

12.5  Creating an Alarm to Periodically Call a Function
Problem
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Solution

/*
 * TimeAlarmExample sketch
 *
 * This example calls alarm functions at 8:30 am and at 5:45 pm (17:45)
 * and simulates turning lights on at night and off in the morning
 *
 * A timer is called every 15 seconds
 * Another timer is called once only after 10 seconds
 *
 * At startup the time is set to Jan 1 2010  8:29 am
 */

#include <Time.h>
#include <TimeAlarms.h>

void setup()
{
  Serial.begin(9600);
  Serial.println("TimeAlarms Example");
  Serial.println("Alarms are triggered daily at 8:30 am and 17:45 pm");
  Serial.println("One timer is triggered every 15 seconds");
  Serial.println("Another timer is set to trigger only once after 10 seconds");
  Serial.println();

  setTime(8,29,40,1,1,10); // set time to 8:29:40am Jan 1 2010

  Alarm.alarmRepeat(8,30,0, MorningAlarm);  // 8:30am every day
  Alarm.alarmRepeat(17,45,0,EveningAlarm);  // 5:45pm every day

  Alarm.timerRepeat(15, RepeatTask);            // timer for every 15 seconds
  Alarm.timerOnce(10, OnceOnlyTask);            // called once after 10 seconds
}

void MorningAlarm()
{
  Serial.println("Alarm: - turn lights off");
}

void EveningAlarm()
{
  Serial.println("Alarm: - turn lights on");
}

void RepeatTask()
{
  Serial.println("15 second timer");
}

void OnceOnlyTask()
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{
  Serial.println("This timer only triggers once");
}

void  loop()
{
  digitalClockDisplay();
  Alarm.delay(1000); // wait one second between clock display
}

void digitalClockDisplay()
{
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.println();
}

void printDigits(int digits)
{
  // utility function for digital clock display: prints preceding colon and
leading 0
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

Discussion

  Alarm.alarmRepeat(8,30,0, MorningAlarm);

MorningAlarm

alarmOnce

  Alarm.alarmOnce(8,30,0, MorningAlarm);

MorningAlarm

  Alarm.timerRepeat(15, Repeats);            // timer task every 15 seconds

Repeats
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timerOnce

  Alarm.timerOnce(10, OnceOnly);             // called once after 10 seconds

onceOnly

Alarm.delay

Alarm.delay
Alarm.delay(0)

Alarm.delay delay

set
Time setTime

Alarm.delay

onceOnly

timerOnce

Alarm.timerOnce(random(10), randomTimer);  // trigger after random number of
seconds
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void randomTimer(){
  int period = random(2,10);             // get a new random period
  Alarm.timerOnce(period, randomTimer);  // trigger for another random period
}

12.6  Using a Real-Time Clock
Problem

Solution

/*
 * TimeRTC sketch
 * example code illustrating Time library with real-time clock.
 *
 */

#include <Time.h>
#include <Wire.h>
#include <DS1307RTC.h>  // a basic DS1307 library that returns time as a time_t

void setup()  {
  Serial.begin(9600);
  setSyncProvider(RTC.get);   // the function to get the time from the RTC
  if(timeStatus()!= timeSet)
     Serial.println("Unable to sync with the RTC");
  else
     Serial.println("RTC has set the system time");
}

void loop()
{
   digitalClockDisplay();
   delay(1000);
}

void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.print(" ");
  Serial.print(day());
  Serial.print(" ");
  Serial.print(month());
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  Serial.print(" ");
  Serial.print(year());
  Serial.println();
}

void printDigits(int digits){
  // utility function for digital clock display: prints preceding colon and
leading 0
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

Discussion

  setSyncProvider(RTC.get);   // the function to get the time from the RTC

setSyncProvider
RTC.get
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setup RTC.get

/*
 * TimeRTCSet sketch
 * example code illustrating Time library with real-time clock.
 *
 * RTC is set in response to serial port time message
 * A Processing example sketch to set the time is included in the download
 */

#include <Time.h>
#include <Wire.h>
#include <DS1307RTC.h>  // a basic DS1307 library that returns time as a time_t

void setup()  {
  Serial.begin(9600);
  setSyncProvider(RTC.get);   // the function to get the time from the RTC
  if(timeStatus()!= timeSet)
     Serial.println("Unable to sync with the RTC");
  else
     Serial.println("RTC has set the system time");
}

void loop()
{
  if(Serial.available())
  {
     time_t t = processSyncMessage();
     if(t >0)
     {
        RTC.set(t);   // set the RTC and the system time to the received value
        setTime(t);
     }
  }
   digitalClockDisplay();
   delay(1000);
}

void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.print(" ");
  Serial.print(day());
  Serial.print(" ");
  Serial.print(month());
  Serial.print(" ");
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  Serial.print(year());
  Serial.println();
}

void printDigits(int digits){
  // utility function for digital clock display: prints preceding colon and
leading 0
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

/*  code to process time sync messages from the serial port   */
#define TIME_MSG_LEN  11   // time sync to PC is HEADER followed by unix time_t
as ten ascii digits
#define TIME_HEADER  'T'   // Header tag for serial time sync message

time_t processSyncMessage() {
  // return the time if a valid sync message is received on the serial port.
  // time message consists of a header and ten ascii digits
  while(Serial.available() >=  TIME_MSG_LEN ){  
    char c = Serial.read() ;
    Serial.print(c);
    if( c == TIME_HEADER ) {
      time_t pctime = 0;
      for(int i=0; i < TIME_MSG_LEN -1; i++){
        c = Serial.read();
        if( c >= '0' && c <= '9'){
          pctime = (10 * pctime) + (c - '0') ; // convert digits to a number
        }
      }
      return pctime;
    }
  }
  return 0;
}

 RTC.set(t);   // set the RTC and the system time to the received value

 setTime(t);

See Also
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CHAPTER 13

Communicating Using I2C and SPI

13.0  Introduction

389



I2C
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SPI

SPI signal Standard Arduino board Arduino Mega

SCLK (clock) 13 52

MISO (data out) 12 50

MOSI (data in) 11 51

SS (slave select) 10 53

See Also
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13.1  Controlling an RGB LED Using the BlinkM Module
Problem

Solution

hueToRGB

/*
 * BlinkM sketch
 * This sketch continuously fades through the color wheel
 */

#include <Wire.h>

const int address = 0;  //Default I2C address for BlinkM
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int color = 0; // a value from 0 to 255 representing the hue
byte R, G, B;  // the Red, Green, and Blue color components

void setup()
{
  Wire.begin(); // set up Arduino I2C support

  // turn on power pins for BlinkM
  pinMode(17, OUTPUT);    // pin 17 (analog out 4) provides +5V to BlinkM
  digitalWrite(17, HIGH);
  pinMode(16, OUTPUT);    // pin 16 (analog out 3) provides Ground
  digitalWrite(16, LOW);
}

void loop()
{
  int brightness = 255; // 255 is maximum brightness
  hueToRGB( color, brightness);  // call function to convert hue to RGB
  // write the RGB values to BlinkM

  Wire.beginTransmission(address);// join I2C, talk to BlinkM
  Wire.send('c');           // 'c' == fade to color
  Wire.send(R);             // value for red channel
  Wire.send(B);             // value for blue channel
  Wire.send(G);             // value for green channel
  Wire.endTransmission();   // leave I2C bus

  color++;           // increment the color
  if(color > 255)    //
     color = 0;
       delay(10);
}

hueToRGB

// function to convert a color to its Red, Green, and Blue components.
void hueToRGB( int hue, int brightness)
{
    unsigned int scaledHue = (hue * 6);
    unsigned int segment = scaledHue / 256; // segment 0 to 5 around color wheel
    unsigned int segmentOffset = scaledHue - (segment * 256); // position within
the segment

    unsigned int complement = 0;
    unsigned int prev = (brightness * ( 255 -  segmentOffset)) / 256;
    unsigned int next = (brightness *  segmentOffset) / 256;

    switch(segment ) {
    case 0:      // red
     R = brightness;
         G = next;
     B = complement;
    break;
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    case 1:     // yellow
    R = prev;
    G = brightness;
    B = complement;
    break;
    case 2:     // green
    R = complement;
    G = brightness;
    B = next;
    break;
    case 3:    // cyan
    R = complement;
    G = prev;
    B = brightness;
    break;
    case 4:    // blue
    R = next;
    G = complement;
    B = brightness;
    break;
   case 5:      // magenta
    default:
    R = brightness;
    G = complement;
    B = prev;
    break;
    }
}

Discussion

#include <Wire.h>

setup

loop hueToRGB

Wire.beginTransmission(address); // start an I2C message to the BlinkM address
Wire.send('c');           // 'c' is a command to fade to the color that follows
Wire.send(R);             // value for red
Wire.send(B);             // value for blue
Wire.send(G);             // value for green
Wire.endTransmission();   // complete the I2C message

beginTransmission
send endTransmission
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s A
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address

#include <Wire.h>

int addressA = 9;  //I2C address for BlinkM
int addressB = 10;
int addressC = 11;

int color = 0; // a value from 0 to 255 representing the hue
byte R, G, B;  // the red, green, and blue color components

void setup()
{
  Wire.begin(); // set up Arduino I2C support

  // turn on power pins for BlinkM
  pinMode(17, OUTPUT);    // pin 17 (analog out 4) provides +5V to BlinkM
  digitalWrite(17, HIGH);
  pinMode(16, OUTPUT);  // pin 16 (analog out 3) provides Ground
  digitalWrite(16, LOW);
}

void loop()
{
  int brightness = 255; // 255 is maximum brightness
  hueToRGB( color, brightness);  // call function to convert hue to RGB
  // write the RGB values to each BlinkM
  setColor(addressA, R,G,B);
  setColor(addressB, G,B,R);
  setColor(addressA, B,R,G);

  color++;           // increment the color
  if(color > 255)    // ensure valid value
     color = 0;
       delay(10);
}

void setColor(int address, byte R, byte G, byte B)
{
  Wire.beginTransmission(address);// join I2C, talk to BlinkM
  Wire.send('c');                 // 'c' == fade to color
  Wire.send(R);                   // value for red channel
  Wire.send(B);                   // value for blue channel
  Wire.send(G);                   // value for green channel
  Wire.endTransmission();         // leave I2C bus
}
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setColor

hueToRGB

See Also

13.2  Using the Wii Nunchuck Accelerometer
Problem

Solution
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/*
 * nunchuck_lines sketch
 * sends data to Processing to draw line that follows nunchuk movement
 */

#include <Wire.h> // initialize wire
#include "nunchuck_funcs.h"

byte accx;

void setup()
{
  Serial.begin(9600);
  nunchuck_setpowerpins();
  nunchuck_init();
}

void loop()
{
  nunchuck_get_data();
  accx  = nunchuck_accelx();
  if( accx >= 75 && accx <= 185)
  {
    // map returns a value from 0 to 63 for values from 75 to 185
    byte  y = map(accx, 75, 185, 0, 63);
    Serial.print(y);
  }
  delay(100); // the time in milliseconds between redraws
}

Discussion

// Processing sketch to draw line that follows nunchuck data
import processing.serial.*;

Serial myPort;  // Create object from Serial class
public static final short portIndex = 1;

void setup()
{
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  size(200, 200);
  // Open whatever port is the one you're using - See Chapter 4
  myPort = new Serial(this,Serial.list()[portIndex], 9600);
}

void draw()
{
  if ( myPort.available() > 0) {  // If data is available,
    int y = myPort.read();        // read it and store it in val
    background(255);              // Set background to white
    line(0,63-y,127,y);           // draw the line
  }
}

nunchuck_funcs

#include <Wire.h> // initialize wire
#include "nunchuck_funcs.h"

nunchuck_setpowerpins

LOW HIGH
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nunchuck_init

// initialize the I2C system, join the I2C bus,
// and tell the nunchuck we're talking to it
static void nunchuck_init()
{
    Wire.begin();                // join I2C bus as master
    Wire.beginTransmission(0x52);// transmit to device 0x52
    Wire.send(0x40);             // sends memory address
    Wire.send(0x00);             // sends a zero.
    Wire.endTransmission();
}

Wire.begin()

beginTransmission(0x52);

Wire.send
Wire.endTransmission

nunchuck_get_data

// returns 1 on successful read. returns 0 on failure
int nunchuck_get_data()
{
    int cnt=0;
    Wire.requestFrom (0x52, 6);// request data from nunchuck
    while (Wire.available ()) {
        // receive byte as an integer
        nunchuck_buf[cnt] = nunchuck_decode_byte(Wire.receive());
        cnt++;
    }
    nunchuck_send_request();  // send request for next data payload
    // If we received the 6 bytes, then go print them
    if (cnt >= 5) {
        return 1;   // success
    }
    return 0;       //failure
}

requestFrom
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Byte number Description

Byte 1 X-axis analog joystick value

Byte 2 Y-axis analog joystick value

Byte 3 X-axis acceleration value

Byte 4 Y-axis acceleration value

Byte 5 Z-axis acceleration value

Byte 6 Button states and least significant bits of acceleration

Wire.available Serial.available

Wire.receive
nunchuck_decode_byte

nunchuck_buf

accx  = nunchuck_accelx();

nunchuck_accelx
accx

13.3  Interfacing to an External Real-Time Clock
Problem

Solution

/*
 * I2C_RTC sketch
 * example code for using Wire library to access real-time clock
 *
 */

#include <Wire.h>

const byte DS1307_CTRL_ID = 0x68; // address of the DS1307 real-time clock
const byte NumberOfFields = 7; // the number of fields (bytes) to request from
the RTC
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int Second ;
int Minute;
int Hour;
int Day;
int Wday;
int Month;
int Year;

void setup()  {
  Serial.begin(9600);
  Wire.begin();
}

void loop()
{
  Wire.beginTransmission(DS1307_CTRL_ID);
  Wire.send(0x00);
  Wire.endTransmission();

  // request the 7 data fields   (secs, min, hr, dow, date, mth, yr)
  Wire.requestFrom(DS1307_CTRL_ID, NumberOfFields);

  Second = bcd2dec(Wire.receive() & 0x7f);
  Minute = bcd2dec(Wire.receive() );
  Hour   = bcd2dec(Wire.receive() & 0x3f);  // mask assumes 24hr clock
  Wday   = bcd2dec(Wire.receive() );
  Day    = bcd2dec(Wire.receive() );
  Month  = bcd2dec(Wire.receive() );
  Year   = bcd2dec(Wire.receive() );
  Year   = Year + 2000; // RTC year 0 is year 2000

  digitalClockDisplay(); // display the time
  delay(1000);
}

// Convert Binary Coded Decimal (BCD) to Decimal
byte bcd2dec(byte num)
{
  return ((num/16 * 10) + (num % 16));
}

void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(Hour);
  printDigits(Minute);
  printDigits(Second);
  Serial.print(" ");
  Serial.print(Day);
  Serial.print(" ");
  Serial.print(Month);
  Serial.print(" ");
  Serial.print(Year);
  Serial.println();
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}

// utility function for clock display: prints preceding colon and leading 0
void printDigits(int digits){
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

Discussion

  Wire.beginTransmission(DS1307_CTRL_ID);
  Wire.send(0x00);
  Wire.endTransmission();

requestFrom
DS1307_CTRL_ID

  Wire.requestFrom(DS1307_CTRL_ID, NumberOfFields);

Wire.receive

bcd2dec(Wire.receive()
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bcd2dec

See Also

13.4  Adding External EEPROM Memory
Problem

Solution
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/*
 * I2C EEPROM sketch
 * this version for 24LC128
 */
#include <Wire.h>

const byte EEPROM_ID = 0x50;      // I2C address for 24LC128 EEPROM

// first visible ASCII character '!' is number 33:
int thisByte = 33;

void setup()
{
  Serial.begin(9600);
  Wire.begin();

  Serial.println("Writing 1024 bytes to EEPROM");
  for(int i=0; i < 1024; i++)
  {
    I2CEEPROM_Write(i, thisByte);
    // go on to the next character
    thisByte++;
    if(thisByte == 126)   // you could also use if (thisByte == '~')
      thisByte = 33;     // start over
  }

  Serial.println("Reading 1024 bytes from EEPROM");
  int thisByte = 33;
  for(int i=0; i < 1024; i++)
  {
    char c = I2CEEPROM_Read(i);
    if( c != thisByte)
    {
      Serial.println("read error");
      break;
    }
    else
    {
      Serial.print(c);
    }
    thisByte++;
    if(thisByte == 126)
    {
      Serial.println();
      thisByte = 33;     // start over on a new line
    }
  }
  Serial.println();
}

void loop()
{

}
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// This function is similar to EEPROM.write()
void I2CEEPROM_Write( unsigned int address, byte data )
{
  Wire.beginTransmission(EEPROM_ID);
  Wire.send((int)highByte(address) );
  Wire.send((int)lowByte(address) );
  Wire.send(data);
  Wire.endTransmission();
  delay(5); // wait for the I2C EEPROM to complete the write cycle
}

// This function is similar to EEPROM.read()
byte I2CEEPROM_Read(unsigned int address )
{
  byte data;
  Wire.beginTransmission(EEPROM_ID);
  Wire.send((int)highByte(address) );
  Wire.send((int)lowByte(address) );
  Wire.endTransmission();
  Wire.requestFrom(EEPROM_ID,(byte)1);
  while(Wire.available() == 0) // wait for data
    ;
  data = Wire.receive();
  return data;
}

Discussion

A0 A1 A2 Address

Gnd Gnd Gnd 0x50

+5V Gnd Gnd 0x51

Gnd +5V Gnd 0x52

+5V +5V Gnd 0x53

Gnd Gnd +5V 0x54

+5V Gnd +5V 0x55

+5V +5V Gnd 0x56

+5V +5V +5V 0x57
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i2cEEPROM_Write i2cEEPROM_Read
Wire.beginTransmission

Wire.requestFrom(EEPROM_ID,(byte)1);

See Also
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13.5  Reading Temperature with a Digital Thermometer
Problem

Solution

/*
 * I2C_Temperature sketch
 * I2C access the TMP75 digital Thermometer
 *
 */

#include <Wire.h>

const byte TMP75_ID = 0x49; // address of the TMP75
const byte NumberOfFields = 2; // the number of fields (bytes) to request

// high byte of temperature (this is the signed integer value in degrees c)
char tempHighByte;
// low byte of temperature  (this is the fractional temperature)  
char tempLowByte;   

float temperature;  // this will hold the floating-point temperature

void setup()  {
  Serial.begin(9600);
  Wire.begin();

  Wire.beginTransmission(TMP75_ID);
  Wire.send(1);           // 1 is the configuration register
  // set default configuration, see data sheet for significance of config bits
  Wire.send(0); 
  Wire.endTransmission();

  Wire.beginTransmission(TMP75_ID);
  Wire.send(0);   // set pointer register to 0 (this is the 12-bit temperature)
  Wire.endTransmission();

}

void loop()
{
    Wire.requestFrom(TMP75_ID, NumberOfFields);
    tempHighByte = Wire.receive();
    tempLowByte = Wire.receive();
    Serial.print("Integer temperature is ");
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    Serial.print(tempHighByte, DEC);
    Serial.print(",");

    // least significant 4 bits of LowByte is the fractional temperature
    int t = word( tempHighByte, tempLowByte) / 16 ;
    temperature = t / 16.0; // convert the value to a float
    Serial.println(temperature);
    delay(1000);
}

Discussion

Setup

loop TMP75_ID

Wire.requestFrom(TMP75_ID, NumberOfFields);
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Wire.receive

tempHighByte = Wire.receive();
tempLowByte = Wire.receive();

A0 A1 A2 Address

Gnd Gnd Gnd 0x48

+5V Gnd Gnd 0x49

Gnd +5V Gnd 0x4A

+5V +5V Gnd 0x4B

Gnd Gnd +5V 0x4C

+5V Gnd +5V 0x4D

+5V +5V Gnd 0x4E

+5V +5V +5V 0x4F
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#include <Wire.h>

const byte TMP75_ID = 0x49; // address of the first TMP75

const byte NumberOfFields  = 2; // the number of fields (bytes) to request
const byte NumberOfDevices = 2; // the number of TMP75 devices (with consecutive
addresses)

char tempHighByte;  // high byte of temperature (this is the signed integer
value in degrees c)
char tempLowByte;   // low byte of temperature  (this is the fractional
temperature)

float temperature;  // this will hold the floating-point temperature

void setup()  {
  Serial.begin(9600);
  Wire.begin();

  for(int i=0; i < NumberOfDevices; i++)
  {
    Wire.beginTransmission(TMP75_ID+i);
    Wire.send(1);
    // set default configuration, see data sheet for significance of config bits
    Wire.send(0); 
    Wire.endTransmission();

    Wire.beginTransmission(TMP75_ID+i);
    Wire.send(0);   // set pointer register to 0 (this is the 12-bit temperature)
    Wire.endTransmission();
  }
}

void loop()
{
  for(int  i=0; i < NumberOfDevices; i++)
  {
    byte id = TMP75_ID + i;   // address IDs are consecutive
    Wire.requestFrom(id, NumberOfFields);
    tempHighByte = Wire.receive();
    tempLowByte = Wire.receive();
    Serial.print(id,HEX); // print the device address
    Serial.print(": integer temperature is ");
    Serial.print(tempHighByte, DEC);

13.5  Reading Temperature with a Digital Thermometer | 411



    Serial.print(",");

    // least significant 4 bits of LowByte is the fractional temperature
    int t = word( tempHighByte, tempLowByte) / 16 ;
    temperature = t / 16.0; // convert the value to a float
    Serial.println(temperature);
  }
  delay(1000);
}

NumberOfDevices

See Also

word

13.6  Driving Four 7-Segment LEDs Using Only Two Wires
Problem

Solution
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/*
 * I2C_7Segment sketch
 */

#include <Wire.h>

const byte LedDrive = 0x38;   /* I2C address for 7-Segment */

int segment,decade;

void setup()  {
  Serial.begin(9600);
  Wire.begin();        /* Join I2C bus */

  Wire.beginTransmission(LedDrive);
  Wire.send(0);
  Wire.send(B01000111); // show digits 1 through 4, use maximum drive current
  Wire.endTransmission();
}

void loop()
{
  for (segment = 0; segment < 8; segment++)
  {
    Wire.beginTransmission(LedDrive);
    Wire.send(1);
    for (decade = 0 ; decade < 4; decade++)
    {
      byte bitValue = bit(segment);
      Wire.send(bitValue);
    }
    Wire.endTransmission();
    delay (250);
  }
}

Discussion
setup

loop Wire.send(1);

1
bit

segment for bitValue
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lookup[10]

#include <Wire.h>

const byte LedDrive = 0x38;   /* I2C address for 7-Segment */

// lookup array containing segments to light for each digit
const int lookup[10] = {0x3F,0x06,0x5B,0x4F,0x66,0x6D,0x7D,0x07,0x7F,0x6F};

int count;

void setup()
{
  Wire.begin();        // join I2C bus (address optional for master)
//  delay(500);
}

void loop()
{
  Wire.beginTransmission(LedDrive);
  Wire.send(0);
  Wire.send(B01000111); // init the 7-segment driver - see data sheet
  Wire.endTransmission();

  // show numbers from 0 to 9999
  for (count = 0; count <= 9999; count++)
  {
    displayNumber(count);
    delay(10);
  }
}

// function to display up to four digits on a 7-segment I2C display
void displayNumber( int number)
{
  number = constrain(number, 0, 9999);
  Wire.beginTransmission(LedDrive);
  Wire.send(1);
  for(int i =0; i < 4; i++)
  {
    byte digit = number % 10;
    {
       Wire.send(lookup[digit]);
    }
    number = number / 10;
  }
  Wire.endTransmission();
}
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displayNumber
for

lookup[]

displayNumber

// function to display up to four digits on a 7-segment I2C display
void displayNumber( int number)
{
  number = constrain(number, 0, 9999);
  Wire.beginTransmission(LedDrive);
  Wire.send(1);
  for(int i =0; i < 4; i++)
  {
    byte digit = number % 10;
    // this check will suppress leading zeros
    if(number == 0 && i > 0)
    {
       Wire.send(0);  // this suppresses leading zeros, it turns off all segments
    }
    else
    {
       Wire.send(lookup[digit]);
    }
    number = number / 10;
  }
  Wire.endTransmission();
}

0

if(number == 0 && i > 0)

0
0

See Also
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13.7  Integrating an I2C Port Expander
Problem

Solution

/*
 * I2C_7segment
 * Uses I2C port to drive a bar graph
 * Turns on a series of LEDs proportional to a value of an analog sensor.
 * see Recipe 7.5
 */

#include <Wire.h>

//address for PCF8574 with pins connected as shown in Figure 13-12
const int address = 0x38;  
const int NbrLEDs = 8;
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const int analogInPin = 0;   // Analog input pin connected to the variable
resistor

int sensorValue = 0;       // value read from the sensor
int ledLevel = 0;          // sensor value converted into LED 'bars'
int ledBits = 0;           //  bits for each LED will be set to 1 to turn on LED

void setup()
{
  Wire.begin(); // set up Arduino I2C support
  Serial.begin(9600);
}

void loop() {
  sensorValue = analogRead(analogInPin);             // read the analog in value
  ledLevel = map(sensorValue, 0, 1023, 0, NbrLEDs);  // map to number of LEDs
  for (int led = 0; led < NbrLEDs; led++)
  {
    if (led < ledLevel ) {
      bitWrite(ledBits,led, HIGH);    // turn on LED if less than the level
    }
    else {
      bitWrite(ledBits,led, LOW);    // turn off LED if higher than the level
    }
    // send the value to I2C
    Wire.beginTransmission(address);
    Wire.send(ledBits);
    Wire.endTransmission();
  }
  delay(100);
}

Discussion
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A0 A1 A2 Address

Gnd Gnd Gnd 0x38

+5V Gnd Gnd 0x39

Gnd +5V Gnd 0x3A

+5V +5V Gnd 0x3B

Gnd Gnd +5V 0x3C

+5V Gnd +5V 0x3D

+5V +5V Gnd 0x3E

+5V +5V +5V 0x3F

  Wire.requestFrom(address, 1);
  if(Wire.available())
  {
    data = Wire.receive();
    Serial.println(data,BIN);
  }

See Also

13.8  Driving Multidigit, 7-Segment Displays Using SPI
Problem

Solution

*
  SPI_Max7221_0019
 */

#include <SPI.h>

const int slaveSelect = 10; //pin used to enable the active slave
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const int numberOfDigits = 2; // change to match the number of digits wired up
const int maxCount       = 99;

int count = 0;

void setup()
{
  SPI.begin();   // initialize SPI
  pinMode(slaveSelect, OUTPUT);
  digitalWrite(slaveSelect,LOW);  //select slave
  // prepare the 7221 to display 7-segment data - see data sheet
  sendCommand(12,1);  // normal mode (default is shutdown mode);
  sendCommand(15,0);  // Display test off
  sendCommand(10,8);  // set medium intensity (range is 0-15)
  sendCommand(11,numberOfDigits);  // 7221 digit scan limit command
  sendCommand(9,255); // decode command, use standard 7-segment digits
  digitalWrite(slaveSelect,HIGH);  //deselect slave
}

void loop()
{
  displayNumber(count);
  count = count + 1;
  if( count > maxCount)
    count = 0;
  delay(100);
}

// function to display up to four digits on a 7-segment display
void displayNumber( int number)
{
  for(int i = 0; i < numberOfDigits; i++)
  {
    byte character = number % 10;  // get the value of the rightmost decade
    // send digit number as command, first digit is command 1
    sendCommand(numberOfDigits-i, character);
    number = number / 10;
  }
}

void sendCommand( int command, int value)
{
  digitalWrite(slaveSelect,LOW); //chip select is active low
  //2 byte data transfer to the 7221
  SPI.transfer(command);
  SPI.transfer(value);
  digitalWrite(slaveSelect,HIGH); //release chip, signal end transfer
}
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Discussion

sendCommand

LOW HIGH
SPI.transfer

Setup
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sendCommand(10,8);  // set medium intensity (range is 0-15)

sendCommand(1, 5); // display 5 on the first digit

displayNumber

void displayNumber( int number)
{
  for(int i = 0; i < numberOfDigits; i++)
  {
    byte character = number % 10;

    if(number == 0 && i > 0)
       character = 0xf;  // value to blank the 7221 segments
    sendCommand(numberOfDigits-i, character);
    number = number / 10;
  }
}

13.9  Communicating Between Two or More Arduino Boards
Problem

Solution
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/*
 * I2C_Master
 * Echo Serial data to an I2C slave
 */

#include <Wire.h>

const int address = 4;  //the address to be used by the communicating devices

void setup()
{
   Wire.begin();
}

void loop()
{
char c;

  if(Serial.available() > 0 )
  {
     // send the data
     Wire.beginTransmission(address); // transmit to device
     Wire.send(c);
     Wire.endTransmission();
  }
}

/*
 * I2C_Slave
 * monitors I2C requests and echoes these to the serial port
 *
 */
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#include <Wire.h>

const int address = 4;  //the address to be used by the communicating devices

void setup()
{
  Wire.begin(address); // join I2C bus using this address
  Wire.onReceive(receiveEvent); // register event to handle requests
}

void loop()
{
  // nothing here, all the work is done in receiveEvent
}

void receiveEvent(int howMany)
{
  while(Wire.available() > 0)
  {
    char c = Wire.receive(); // receive byte as a character
    Serial.print(c); // echo
  }
}

Discussion

I2CDebug

/*
 * I2C_Master
 * Sends serial data to an I2C slave
 */

#include <Wire.h>

const int address = 4;    //the address to be used by the communicating devices
const int sensorPin = 0;  // select the analog input pin for the sensor
int val;                  // variable to store the sensor value

class I2CDebugClass : public Print
{
  private:
    int I2CAddress;
    byte count;
    void write(byte c);
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  public:
    I2CDebugClass();
    boolean begin(int id);
};

 I2CDebugClass::I2CDebugClass()
 {
 }
 boolean I2CDebugClass::begin(int id)
 {
    I2CAddress = id;  // save the slave's address
    Wire.begin(); // join I2C bus (address optional for master)
    return true;
 }

  void I2CDebugClass::write(byte c)
  {
     if( count == 0)
     {
      // here if the first char in the transmission
       Wire.beginTransmission(I2CAddress); // transmit to device
     }
     Wire.send(c);
     //  if the I2C buffer is full or an end of line is reached, send the data
     // BUFFER_LENGTH is defined in the Wire library
     if(++count >= BUFFER_LENGTH || c == '\n') 
     {
         // send data if buffer full or newline character
         Wire.endTransmission();
         count = 0;
     }
  }

I2CDebugClass I2CDebug;   // the I2C print object

void setup()
{
   Wire.begin();
   Serial.begin(9600);
}

void loop()
{
   val = analogRead(sensorPin);       // read the voltage on the pot (val ranges
from 0 to 1023)
   Serial.println(val);
   I2CDebug.println(val);
}

See Also
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CHAPTER 14

Wireless Communication

14.0  Introduction

14.1  Sending Messages Using Low-Cost Wireless Modules
Problem

Solution

425
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/*
  SimpleSend
  This sketch transmits a short text message using the VirtualWire library
  connect the Transmitter data pin to Arduino pin 12
*/

#include <VirtualWire.h>

void setup()
{
    // Initialize the IO and ISR
    vw_setup(2000);           // Bits per sec
}

void loop()
{
    send("hello");
    delay(1000);
}

void send (char *message)
{
  vw_send((uint8_t *)message, strlen(message));
  vw_wait_tx(); // Wait until the whole message is gone
}

/*
  SimpleReceive
  This sketch  displays text strings received using VirtualWire
  Connect the Receiver data pin to Arduino pin 11
*/
#include <VirtualWire.h>

byte message[VW_MAX_MESSAGE_LEN];    // a buffer to hold the incoming messages
byte msgLength = VW_MAX_MESSAGE_LEN; // the size of the message

void setup()
{
    Serial.begin(9600);
    Serial.println("Ready");

    // Initialize the IO and ISR
    vw_setup(2000);             // Bits per sec
    vw_rx_start();              // Start the receiver
}
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void loop()
{
    if (vw_get_message(message, &msgLength)) // Non-blocking
    {
        Serial.print("Got: ");
    for (int i = 0; i < msgLength; i++)
    {
        Serial.write(message[i]);
    }
    Serial.println();
    }
}

Discussion

Setup loop send
vw_send

loop
vw_get_message true

analogRead

int

/*
  SendBinary
  Sends digital and analog pin values as binary data using VirtualWire library
  See SendBinary in Chapter 4
*/

#include <VirtualWire.h>

const int numberOfAnalogPins = 6; // how many analog pins to read

int data[numberOfAnalogPins];  // the data buffer

const int dataBytes = numberOfAnalogPins * sizeof(int); // the number of bytes
in the data buffer

void setup()
{
    // Initialize the IO and ISR
    vw_setup(2000);           // Bits per sec
}
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void loop()
{
  int values = 0;
  for(int i=0; i <= numberOfAnalogPins; i++)
  {
    // read the analog ports
    data[i] = analogRead(i); // store the values into the data buffer
  }
  send((byte*)data, dataBytes);
  delay(1000); //send every second
}

void send (byte *data, int nbrOfBytes)
{
  vw_send(data, nbrOfBytes);
  vw_wait_tx(); // Wait until the whole message is gone
}

sizeof int

/*
  ReceiveBinary
 This sketch  receives six integer values as binary data
 Connect the Receiver data pin to Arduino pin 11
 */
#include <VirtualWire.h>

/*
  SendBinary
 Sends digital and analog pin values as binary data using VirtualWire library
 See SendBinary in Chapter 4
 */

#include <VirtualWire.h>

const int numberOfAnalogPins = 6; // how many analog integer values to receive
int data[numberOfAnalogPins];  // the data buffer

// the number of bytes in the data buffer
const int dataBytes = numberOfAnalogPins * sizeof(int); 

byte msgLength = dataBytes;

void setup()
{
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  Serial.begin(9600);
  Serial.println("Ready");

  // Initialize the IO and ISR
  vw_set_ptt_inverted(true); // Required for DR3100
  vw_setup(2000);            // Bits per sec

  vw_rx_start();              // Start the receiver
}

void loop()
{
  if (vw_get_message((byte*)data, &msgLength)) // Non-blocking
  {
    Serial.println("Got: ");
    if(msgLength == dataBytes)
    {
      for (int i = 0; i <  numberOfAnalogPins; i++)
      {
        Serial.print("pin ");
        Serial.print(i);
        Serial.print("=");
        Serial.println(data[i]);
      }
    }
    else
    {
       Serial.print("unexpected msg length of ");
       Serial.println(msgLength);
    }
    Serial.println();
  }
}

Got:
pin 0=1023
pin 1=100
pin 2=227
pin 3=303
pin 4=331
pin 5=358

VW_MAX_MESSAGE_LEN
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See Also

14.2  Connecting Arduino to a ZigBee or 802.15.4 Network
Problem

Troubleshooting XBee

Solution
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/*
  XBeeEcho
 Reply with whatever you receive over the serial port
 */

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  while (Serial.available() ) {
    Serial.write(Serial.read()); // reply with whatever you receive
  }
}
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Discussion

Series 2 configuration

devmgmt.msc
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Series 1 configuration
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apt-get install putty

ls /dev/tty.usbserial-*
ls /dev/ttyUSB*

/dev/tty.usbserial-A700eYw1

/dev/ttyUSB0
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+++

ATMY1234
ATDL5678
ATDH0
ATID0
ATWR

ൺ

ATMY5678
ATDL1234
ATDH0
ATID0
ATWR

ATMY ATDL ATDH
ATID
ATWR

Talking to the Arduino

a aa
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See Also

14.3  Sending a Message to a Particular XBee
Problem

Solution

/*
  XBeeMessage
 Send a message to an XBee using its address
 */

boolean configured = false;

boolean configureRadio() {

  // put the radio in command mode:
  Serial.print("+++");

  String ok_response = "OK\r"; // the response we expect.

  // Read the text of the response into the response variable
  String response = String("");
  while (response.length() < ok_response.length()) {
    if (Serial.available() > 0) {
      response += (char) Serial.read();
    }
  }

  // If we got the right response, configure the radio and return true.
  if (response.equals(ok_response)) {
    Serial.print("ATDH0013A200\r"); // destination high-REPLACE THIS
    Serial.print("ATDL403B9E1E\r"); // destination low-REPLACE THIS
    Serial.print("ATCN\r");     // back to data mode
    return true;
  } else {
    return false; // This indicates the response was incorrect.
  }
}

void setup () {
  Serial.begin(9600); // Begin serial
  configured = configureRadio();
}

void loop () {
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  if (configured) {
    Serial.print("Hello!");
    delay(3000);
  }
  else {
    delay(30000);     // Wait 30 seconds
    configureRadio(); // try again
  }
}

Discussion

configureRadio()
+++

 ATDH0013A200
 ATDL403B9E1E
 ATCN

0013A200 403B9E1E

ATMY

ATDH ATDL

ATCN +++

14.3  Sending a Message to a Particular XBee | 439



See Also

14.4  Sending Sensor Data Between XBees
Problem
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Solution

Discussion

Series 2 XBees

1234

1

2
ൺ 64

ATDH ATDL

1234
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/*
   XBeeAnalogReceive
  Read an analog value from an XBee API frame and set the brightness
  of an LED accordingly.
 */

#define LEDPIN 9

void setup() {
  Serial.begin(9600);
  pinMode(LEDPIN, OUTPUT);
}

void loop() {

  if (Serial.available() >= 21) { // Wait until we have a mouthful of data

     if (Serial.read() == 0x7E) { // Start delimiter of a frame

      // Skip over the bytes in the API frame we don't care about
      for (int i = 0; i < 18; i++) {
        Serial.read();
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      }

      // The next two bytes are the high and low bytes of the sensor reading
      int analogHigh = Serial.read();
      int analogLow = Serial.read();
      int analogValue = analogLow + (analogHigh * 256);

      // Scale the brightness to the Arduino PWM range
      int brightness = map(analogValue, 0, 1023, 0, 255);

      // Light the LED
      analogWrite(LEDPIN, brightness);
    }
  }
}

Series 1 XBees

ATRE
ATMY1234
ATDL5678
ATDH0
ATID0
ATD02
ATIR64
ATWR

ATRE
ATMY5678
ATDL1234
ATDH0
ATID0
ATWR

ATRE ATMY
ATDL ATDH

ATID
ATWR

ATD02 ATIR64

ATDL ATDH
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/*
   XBeeAnalogReceiveSeries1
  Read an analog value from an XBee API frame and set the brightness
  of an LED accordingly.
 */

const int ledPin = 9;

void setup() {
  Serial.begin(9600);
  pinMode(ledPin, OUTPUT);
  configureRadio(); // check the return value if you need error handling
}

boolean configureRadio() {

  // put the radio in command mode:
  Serial.flush();
  Serial.print("+++");
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  delay(100);

  String ok_response = "OK\r"; // the response we expect.

  // Read the text of the response into the response variable
  String response = String("");
  while (response.length() < ok_response.length()) {
    if (Serial.available() > 0) {
      response += (char) Serial.read();
    }
  }

  // If we got the right response, configure the radio and return true.
  if (response.equals(ok_response)) {
    Serial.print("ATAP1\r"); // Enter API mode
    delay(100);
    Serial.print("ATCN\r");  // back to data mode
    return true;
  } else {
    return false; // This indicates the response was incorrect.
  }
}

void loop() {

  if (Serial.available() >= 14) { // Wait until we have a mouthful of data

     if (Serial.read() == 0x7E) { // Start delimiter of a frame

      // Skip over the bytes in the API frame we don't care about
      for (int i = 0; i < 10; i++) {
        Serial.read();
      }

      // The next two bytes are the high and low bytes of the sensor reading
      int analogHigh = Serial.read();
      int analogLow = Serial.read();
      int analogValue = analogLow + (analogHigh * 256);

      // Scale the brightness to the Arduino PWM range
      int brightness = map(analogValue, 0, 1023, 0, 255);

      // Light the LED
      analogWrite(ledPin, brightness);
    }
  }
}

See Also
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14.5  Activating an Actuator Connected to an XBee
Problem

Solution

Discussion

Series 2 XBees

1234

1

4

ATDH ATDL

1234

446 | Chapter 14:ಗWireless Communication



ATD14
ATD15 ATD1

/*
   XBeeActuate
  Send a Remote AT command to activate a digital pin on another XBee.
 */

const byte frameStartByte = 0x7E;
const byte frameTypeRemoteAT  = 0x17;
const byte remoteATOptionApplyChanges = 0x02;

void setup() {
  Serial.begin(9600);
}

void loop()
{

  toggleRemotePin(1);
  delay(3000);
  toggleRemotePin(0);
  delay(2000);
}
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byte sendByte(byte value) {
  Serial.print(value, BYTE);
  return value;
}

void toggleRemotePin(int value) {  // 0 = off, nonzero = on

  byte pin_state;
  if (value) {
    pin_state = 0x5;
  } else {
    pin_state = 0x4;
  }

  sendByte(frameStartByte); // Begin the API frame

  // High and low parts of the frame length (not counting checksum)
  sendByte(0x0);
  sendByte(0x10);

  long sum = 0; // Accumulate the checksum

  sum += sendByte(frameTypeRemoteAT); // Indicate this frame contains a
Remote AT command

  sum += sendByte(0x0);  // frame ID set to zero for no reply

  // The following 8 bytes indicate the ID of the recipient.
  // Use 0xFFFF to broadcast to all nodes.
  sum += sendByte(0x0);
  sum += sendByte(0x0);
  sum += sendByte(0x0);
  sum += sendByte(0x0);
  sum += sendByte(0x0);
  sum += sendByte(0x0);
  sum += sendByte(0xFF);
  sum += sendByte(0xFF);

  // The following 2 bytes indicate the 16-bit address of the recipient.
  // Use 0xFFFE to broadcast to all nodes.
  sum += sendByte(0xFF);
  sum += sendByte(0xFF);

  sum += sendByte(remoteATOptionApplyChanges); // send Remote AT options

  // The text of the AT command
  sum += sendByte('D');
  sum += sendByte('1');

  // The value (0x4 for off, 0x5 for on)
  sum += sendByte(pin_state);

  // Send the checksum
  sendByte( 0xFF - ( sum & 0xFF));
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  delay(10); // Pause to let the microcontroller settle down if needed
}

Series 1 XBees

ATRE
ATMY1234
ATDL5678
ATDH0
ATID0
ATD13
ATICFF
ATWR

ATRE
ATMY5678
ATDL1234
ATDH0
ATID0
ATD14
ATIU0
ATIA1234
ATWR

ATRE ATMY
ATDL ATDH

ATID
ATWR

ATICFF
ATDL ATDH ATD13

ATIU1 ATIA1234

ATD14
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/*
   XBeeActuateSeries1
  Activate a digital pin on another XBee.
 */

const int ledPin = 9;
const int xbeePin = 2;

void setup() {
  Serial.begin(9600);
  pinMode(ledPin, OUTPUT);
  pinMode(xbeePin, OUTPUT);
}

void loop()
{

  digitalWrite(xbeePin, HIGH);
  delay(3000);
  digitalWrite(xbeePin, LOW);
  delay(3000);
}

See Also
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CHAPTER 15

Ethernet and Networking

15.0  Introduction

451

http://oreilly.com/catalog/9780596521561/
http://oreilly.com/catalog/9781565923775/
http://oreilly.com/catalog/0636920010920/
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15.1  Setting Up the Ethernet Shield
Problem

Solution

ip

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192, 168 1, 177 };    // change to a valid address for your network
byte server[] = { 64, 233, 187, 99 }; // Google

                                       // see text for more on IP addressing

Client client(server, 80);

void setup()
{
  Ethernet.begin(mac, ip); // start ethernet using the mac and IP address
  Serial.begin(9600);      // start the serial library:
  delay(1000);             // give the ethernet hardware a second to initialize

  Serial.println("connecting...");

  if (client.connect()) {
    Serial.println("connected");
    client.println("GET /search?q=arduino HTTP/1.0"); // the HTTP request
    client.println();
  } else {
    Serial.println("connection failed");
  }
}
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void loop()
{
  if (client.available()) {
    char c = client.read();
    Serial.print(c);  // echo all data received to the Serial Monitor
  }

  if (!client.connected()) {
    Serial.println();
    Serial.println("disconnecting.");
    client.stop();
    for(;;)
      ;
  }
}

Discussion

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };

byte ip[] = { 192, 168 1, 177 };      // change this to a valid address for your
network

ethernet.begin

byte gateway[] ={ 192, 168, 1, 254 };  // add this if needed by your router or
gateway
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setup

  Ethernet.begin(mac, ip, gateway);

byte server[] = { 64, 233, 187, 99 }; // Google

<SPI.h>

See Also

15.2  Obtaining Your IP Address Automatically
Problem

Solution

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include "Dhcp.h"         // add this for the DHCP library

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
                                   // IP addressing lines removed
byte server[] = { 209,85,229,104  }; // Google

Client client(server, 80);
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void setup()
{
  Serial.begin(9600);
  if(Dhcp.beginWithDHCP(mac) == 1)   // begin method returns 1 if successful
  {
    Serial.println("got IP address, connecting...");
    delay(5000);
  }
  else
  {
    Serial.println("unable to acquire ip address!");
    while(true)
       ;  // do nothing
  }

  if (client.connect()) {
    Serial.println("connected");
    client.println("GET /search?q=arduino HTTP/1.0");
    client.println();
  } else {
    Serial.println("connection failed");
  }
}

void loop()
{
  if (client.available()) {
    char c = client.read();
    Serial.print(c);
  }

  if (!client.connected()) {
    Serial.println();
    Serial.println("disconnecting.");
    client.stop();
    for(;;)
      ;
  }
}

Discussion
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setup

void setup()
{
  Serial.begin(9600);
  if(Dhcp.beginWithDHCP(mac) == 1)   // begin method returns 1 if successful
  {
    byte buffer[6];
    Serial.println("ip acquired...");

    // show the values returned from the DHCP server
    Dhcp.getLocalIp(buffer);
    Serial.print("ip address: ");
    printArray(&Serial, ".", buffer, 4, 10);

    Dhcp.getSubnetMask(buffer);
    Serial.print("subnet mask: ");
    printArray(&Serial, ".", buffer, 4, 10);

    Dhcp.getGatewayIp(buffer);
    Serial.print("gateway ip: ");
    printArray(&Serial, ".", buffer, 4, 10);

    Dhcp.getDhcpServerIp(buffer);
    Serial.print("dhcp server ip: ");
    printArray(&Serial, ".", buffer, 4, 10);

    Dhcp.getDnsServerIp(buffer);
    Serial.print("dns server ip: ");
    printArray(&Serial, ".", buffer, 4, 10);

    delay(5000);
  }
  else
  {
    Serial.println("unable to acquire ip address!");
    while(true)
       ;  // do nothing
  }
  if (client.connect()) {
    Serial.println("connected");
    client.println("GET /search?q=arduino HTTP/1.0");
    client.println();
  } else {
    Serial.println("connection failed");
  }
}

void printArray(Print *output, char* delimeter, byte* data, int len, int base)
{
  char buf[10] = {0, 0, 0, 0, 0, 0, 0, 0, 0, 0};
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  for(int i = 0; i < len; i++)
  {
    if(i != 0)
      output->print(delimeter);

    output->print(itoa(data[i], buf, base));
  }

  output->println();
}

IP address: 192.168.1.177
subnet mask: 255.255.255.0
gateway IP: 192.168.1.254
DHCP server IP: 192.168.1.254
DNS server IP: 192.168.1.254

15.3  Resolving Hostnames to IP Addresses (DNS)
Problem

Solution

/*
 * WebClientDNS sketch
 */

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include "Ethernet_dns.h"
#include "Dns.h"   // uses DNS library from Matt Robertson

byte mac[] = {0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = {192, 168, 1, 177 };    // change to a valid address for your network

byte gateway[] ={192, 168, 1, 254 };  // add this if you use a router or gateway
// see text for more on IP addressing
byte subnet[] ={255, 255, 255, 0 };   // this defines the subnet address
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byte ipBuffer[6];  // this will get the server IP address from DNS

Client client(ipBuffer, 80);
DnsClass Dns;

//Client client(ipBuffer, server, 80);

void setup()
{
  Serial.begin(9600);
  Ethernet.begin(mac, ip, gateway, subnet);

  //// Do DNS Lookup
  Serial.println("getting server address");
  Dns.init("google.com", ipBuffer);  //Buffer has IP address of the DNS server
  Dns.resolve();

  int results;
  while(!(results=Dns.finished())) ;  //wait for DNS to resolve the name

  if(results != 1){
    Serial.print("DNS Error code: ");
    Serial.print(results,DEC);
    while(true)
      ;  // do nothing
  }

  delay(5000);

  if (client.connect()) {
    Serial.println("connected");
    client.println("GET /search?q=arduino HTTP/1.0");
    client.println();
  }
  else {
    Serial.println("connection failed");
  }
}

void loop()
{
  if (client.available()) {
    char c = client.read();
    Serial.print(c);
  }

  if (!client.connected()) {
    Serial.println();
    Serial.println("disconnecting.");
    client.stop();
    for(;;)
      ;
  }
}
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Discussion

  Dns.init("google.com", ipBuffer);  //Buffer contains the IP address of the DNS
server
  Dns.resolve();
  while(!(results=Dns.finished())) ;  //wait for DNS to resolve the name

Dns.Init
Dns.resolve

Dns.finished
Dns.finished

  1 = success
  2 = No DNS records found
  3 = timeout
  greater than 16 is an error code provided by the DNS server

Dns.finished 1
ipBuffer

Dns.getIP(ipBuffer);  //buffer now contains the IP address for server given in
Dns.Init()
Serial.print("Google address: ");
printIp(ipBuffer);

printIp

void printIp(byte *rawData)
{
  for(int i=0; i < 4; i++){
     Serial.print(rawData[i],DEC);
     if(i < 3)
       Serial.print('.');
  }
  Serial.println();
}

/*
 * WebClientDHCP_DNS sketch
 */
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif
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#include "Ethernet_dns.h"
#include "Dhcp.h"         // add this for the DHCP library
#include "Dns.h"   // uses DNS library from Matt Robertson

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };

byte ipBuffer[6];
Client client(ipBuffer, 80);
DnsClass Dns;

//Client client(ipBuffer, server, 80);

void setup()
{
  Serial.begin(9600);
  if(Dhcp.beginWithDHCP(mac) == 1)   // begin method returns 1 if successful
  {
    Serial.println("got IP address");
        //// Do DNS Lookup
    Serial.println("getting server address");
    Dns.init("google.com", ipBuffer);  //Buffer has IP address of the DNS server
    Dns.resolve();

    int results;
    while(!(results=Dns.finished())) ;  //wait for DNS to resolve the name

    if(results != 1){
      Serial.print("DNS Error code: ");
      Serial.print(results,DEC);
      while(true)
         ;  // do nothing
    }
    delay(5000);
  }
  else
  {
    Serial.println("unable to acquire ip address!");
    while(true)
       ;  // do nothing
  }
  if (client.connect()) {
    Serial.println("connected");
    client.println("GET /search?q=arduino HTTP/1.0");
    client.println();
  } else {
    Serial.println("connection failed");
  }
}

void loop()
{
  if (client.available()) {
    char c = client.read();
    Serial.print(c);
  }
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  if (!client.connected()) {
    Serial.println();
    Serial.println("disconnecting.");
    client.stop();
    for(;;)
      ;
  }
}

15.4  Requesting Data from a Web Server
Problem

Solution

/*
 * SimpleClientwFinder sketch
 *
 */

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192,168,1,177 };
//byte gateway[] ={ 192, 168, 1, 254 };
//byte subnet[] ={ 255, 255, 255, 0 };

byte server[] = { 173,194,33,104 }; // Google

Client client(server, 80);
TextFinder finder( client);

int result; // the result of the google calculation

void setup()
{
  Ethernet.begin(mac, ip);
  Serial.begin(9600);
  delay(2000);
  Serial.println("connecting...");
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}

void loop()
{
  if (client.connect()) {
    Serial.print("connected... ");
    client.println("GET /search?hl=en&q=what+is+50+km+in+mi HTTP/1.1");
    client.println();
  } else {
    Serial.println("connection failed");
  }
  if (client.connected()) {
    if(finder.find("<b>50 kilometers")){
      if(finder.find("=")){
         result = finder.getValue();
         Serial.println(result);
      }
    }
    else
       Serial.println("result not found");
    client.stop();
    delay(10000); // check again in 10 seconds
  }
  else {
    Serial.println();
    Serial.println("not connected");
    client.stop();
    delay(1000);
  }
}

Discussion
<b>

find true

if(finder.find("<b>50 kilometers")){

finder =

getvalue

getValue get
Float

         Float floatResult = finder.getFloat();
         Serial.println(floatResult);
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/*
 * WebClientGoogleFinance sketch
 * get the stock value for google and write to analog pin.
 */
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = {  192, 168,1,177 };
byte gateway[] ={ 192, 168, 1, 254 };
byte subnet[] ={ 255, 255, 255, 0 };

byte server[] = {209,85,229,147 };  // google
Client client(server, 80);

TextFinder  finder( client );
float value;

void setup()
{
  Ethernet.begin(mac, ip, gateway, subnet);
  Serial.begin(9600);
  delay(2000);
}

void loop()
{
  Serial.print("Connecting...");
  if (client.connect()) {
    client.println("GET //finance?q=google HTTP/1.0"); // todo
    client.println("User-Agent: AVR ethernet");
    client.println();
  }
  else
  {
    Serial.println("connection failed");
  }
  if (client.connected()) {
     if(finder.find("<span class=\"pr\">"))
     {
       finder.find(">");  // seek past the next '>'
       value = finder.getFloat();
       Serial.println(value);
       analogWrite(0, value);
     }
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    else
      Serial.print("Could not find field");
  }
  else {
    Serial.println("Disconnected");
  }
  client.stop();
  client.flush();
  delay(5000); // 5 seconds between each connect attempt
}

GET

GET
POST POST

/*
 * WebClient_Babelfish sketch
 * Uses Post to get data from a web server
 *
 */
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = {  192, 168,1,177 };
byte gateway[] ={ 192, 168, 1, 254 };
byte subnet[] ={ 255, 255, 255, 0 };

byte server[] = {66,196,80,202 }; //babelfish.yahoo.com

Client client(server, 80);

// the text to translate
char * transText = "trtext=Ciao+mondo+da+Arduino.&lp=it_en";

char buffer [31];  // room for 30 characters and the terminating null

TextFinder  finder(client);

void setup()
{
  Ethernet.begin(mac, ip, gateway, subnet);
  Serial.begin(9600);
  delay(3000);
}

void loop()
{
  postPage( "/translate_txt", transText);
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  delay(5000);
}

void postPage(char *webPage, char *parameter){
  if (client.connect()) {
    client.print("POST ");
    client.print(webPage);
    client.println("  HTTP/1.0");
    client.println("Content-Type: application/x-www-form-urlencoded");
    client.println("Host: babelfish.yahoo.com");
    client.print("Content-Length: ");
    client.println(strlen(parameter));
    client.println();
    client.println(parameter);
  }
  else {
    Serial.println(" connection failed");
  }
  if (client.connected()) {
     finder.find("<div id=\"result\">");
     finder.getString( ">", "<" ,buffer, sizeof(buffer));
     Serial.println(buffer);
  }
  else {
    Serial.println("Disconnected");
  }
  client.stop();
  client.flush();
}

15.5  Requesting Data from a Web Server Using XML
Problem

Solution

/*
 * SimpleClientGoogleWeatherDHCP
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 * gets xml data from http://www.google.com/ig/api?weather=london,uk
 * reads temperature from field:  <temp_f data="66" />
 * writes temperature  to analog output port.
 */

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include "Dhcp.h"  //from: http://blog.jordanterrell.com/post/
Arduino-DHCP-Library-Version-04.aspx
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte server[] = {209,85,229,104 }; // Google

Client client(server, 80);

TextFinder  finder( client );

void setup()
{
  Serial.begin(9600);
  if(Dhcp.beginWithDHCP(mac) == 1) {  // begin method returns 1 if successful
    Serial.println("got IP address, connecting...");
    delay(5000);
  }
  else {
    Serial.println("unable to acquire ip address!");
    while(true)
       ;  // do nothing
  }
}

void loop()
{
  if (client.connect()) {
  // get google weather for London
    client.println("GET /ig/api?weather=london,uk HTTP/1.0");  
    client.println();
  }
  else {
    Serial.println(" connection failed");
  }
  if (client.connected()) {
     // get temperature in fahrenheit (use field "<temp_c data=\"" for Celsius)
     if(finder.find("<temp_f data=") )
     {
        int temperature = finder.getValue();
        analogWrite(3, temperature);      // write value to analog port
        Serial.print("Temperature is ");  // and echo it to the serial port
        Serial.println(temperature);
     }
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    else
      Serial.print("Could not find temperature field");
  }
  else {
    Serial.println("Disconnected");
  }
  client.stop();
  client.flush();
  delay(60000); // wait a minute before next update
}

"<temp_f data="

"<temp_c
data="

GET

GET

client.println("GET /ig/api?weather=london,uk HTTP/1.0");  // weather for London

client.println("GET /ig/api?weather=New York,NY HTTP/1.0"); // weather for
New York

char *cityString[4] = { "London", "New%20York", "Rome", "Tokyo"};
int   city;

void loop()
{
  city = random(4); // get a random city
  if (client.connect()) {
    client.print("GET /ig/api?weather=");
    client.print(cityString[city]); // print one of 4 random cities
    client.println(" HTTP/1.0");
    client.println();
  }
  else {
    Serial.println(" connection failed");
  }
  if (client.connected()) {
     // get temperature in fahrenheit (use field "<temp_c data=\"" for Celsius)
     if(finder.find("<temp_f data=") )
     {
        int temperature = finder.getValue();
        analogWrite(3, temperature);      // write value to the analog port
        Serial.print(cityString[city]);
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        Serial.print(" temperature is ");  // and echo it to the serial port
        Serial.println(temperature);
     }
    else
      Serial.println("Could not find temperature field");
  }
// the remainder of the code is the same as the previous sketch

15.6  Setting Up an Arduino to Be a Web Server
Problem

Solution

/*
 * Web Server
 *
 * A simple web server that shows the value of the analog input pins.
 */
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192, 168, 1, 177};

Server server(80);

void setup()
{
  Ethernet.begin(mac, ip);
  server.begin();
}

void loop()
{
  Client client = server.available();
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  if (client) {
    // an http request ends with a blank line
    boolean current_line_is_blank = true;
    while (client.connected()) {
      if (client.available()) {
        char c = client.read();
        // if we've gotten to the end of the line (received a newline
        // character) and the line is blank, the http request has ended,
        // so we can send a reply
        if (c == '\n' && current_line_is_blank) {
          // send a standard http response header
          client.println("HTTP/1.1 200 OK");
          client.println("Content-Type: text/html");
          client.println();

          // output the value of each analog input pin
          for (int i = 0; i < 6; i++) {
            client.print("analog input ");
            client.print(i);
            client.print(" is ");
            client.print(analogRead(i));
            client.println("<br />");
          }
          break;
        }
        if (c == '\n') {
          // we're starting a new line
          current_line_is_blank = true;
        } else if (c != '\r') {
          // we've gotten a character on the current line
          current_line_is_blank = false;
        }
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}

Discussion
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setup
loop

  Client client = server.available();

client

if (client)

while (client.connected())

client.available() client.read()
Serial.available()

client.println

15.7  Handling Incoming Web Requests
Problem

Solution
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/*
 * WebServerParsing
 *
 * Respond to requests in the URL to change digital and analog output ports
 * show the number of ports changed and the value of the analog input pins.
 *
*/
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

##include <Ethernet.h>
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192,168,1,177 };

Server server(80);

void setup()
{
  Serial.begin(9600);
  Ethernet.begin(mac, ip);
  server.begin();
  Serial.println("ready");
}

void loop()
{
  Client client = server.available();
  if (client) {
    TextFinder  finder(client );
    while (client.connected()) {
      if (client.available()) {
        // counters to show the number of pin change requests
        int digitalRequests = 0;  
        int analogRequests = 0;
        if( finder.find("GET /") ) {
          // find tokens starting with "pin" and stop on the first blank line
          while(finder.findUntil("pin", "\n\r")){
            char type = client.read(); // D or A
            int pin = finder.getValue();
            int val = finder.getValue();
            if( type == 'D') {
              Serial.print("Digital pin ");
              pinMode(pin, OUTPUT);
              digitalWrite(pin, val);
              digitalRequests++;
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            }
            else if( type == 'A'){
              Serial.print("Analog pin ");
              analogWrite(pin, val);
              analogRequests++;
            }
            else {
              Serial.print("Unexpected type ");
              Serial.print(type);
            }
            Serial.print(pin);
            Serial.print("=");
            Serial.println(val);
          }
        }
        Serial.println();

        // the findUntil has detected the blank line (a lf followed by cr)
        // so the http request has ended and we can send a reply
        // send a standard http response header
        client.println("HTTP/1.1 200 OK");
        client.println("Content-Type: text/html");
        client.println();

        // output the number of pins handled by the request
        client.print(digitalRequests);
        client.print(" digital pin(s) written");
        client.println("<br />");
        client.print(analogRequests);
        client.print(" analog pin(s) written");
        client.println("<br />");
        client.println("<br />");

        // output the value of each analog input pin
        for (int i = 0; i < 6; i++) {
          client.print("analog input ");
          client.print(i);
          client.print(" is ");
          client.print(analogRead(i));
          client.println("<br />");
        }
        break;
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}
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Discussion

pinD2=1
HIGH

15.8  Handling Incoming Requests for Specific Pages
Problem
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Solution

/*
 * WebServerMultiPage
 *
 * Respond to requests in the URL to view digital and analog output ports
 *
 * http://192.168.1.177/analog/   displays analog pin data
 * http://192.168.1.177/digital/  displays digital pin data
*/
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] =  { 192,168,1,177 };

char buffer[8]; // make this buffer big enough to hold requested page names

Server server(80);

void setup()
{
  Serial.begin(9600);
  Ethernet.begin(mac, ip);
  server.begin();
  Serial.println("Ready");
}

void loop()
{
  Client client = server.available();
  if (client) {
    TextFinder  finder(client );
    while (client.connected()) {
      if (client.available()) {
        if( finder.find("GET ") ) {
          // look for the page name
          if(finder.getString( "/", "/", buffer, sizeof(buffer) )) 
          {
            if(strcmp(buffer, "analog") == 0)
              showAnalog(client);
            else if(strcmp(buffer, "digital") == 0)
              showDigital(client);
            else
              unknownPage(client, buffer);
          }
        }
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        Serial.println();
        break;
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}

void showAnalog(Client client)
{
  Serial.println("analog");
  sendHeader(client);
  client.println("<h1>Analog Pins</h1>");
  // output the value of each analog input pin

  for (int i = 0; i < 6; i++) {
    client.print("analog pin ");
    client.print(i);
    client.print(" = ");
    client.print(analogRead(i));
    client.println("<br />");
  }
}

void showDigital(Client client)
{
  Serial.println("digital");
  sendHeader(client);
  client.println("<h1>Digital Pins</h1>");
  // show the value of digital pins
  for (int i = 2; i < 8; i++) {
    pinMode(i, INPUT);
    client.print("digital pin ");
    client.print(i);
    client.print(" is ");
    if(digitalRead(i) == LOW)
      client.print("LOW");
    else
      client.print("HIGH");
    client.println("<br />");
  }
  client.println("</body></html>");
}

void unknownPage(Client client, char *page)
{
  Serial.print("Unknown : ");
  Serial.println("page");

  sendHeader(client);
  client.println("<h1>Unknown Page</h1>");
  client.println(page);
  client.println("</body></html>");
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}

void sendHeader(Client client)
{
  // send a standard http response header
  client.println("HTTP/1.1 200 OK");
  client.println("Content-Type: text/html");
  client.println();
  client.println("<html><head><title>Web server multi-page Example</title>");
  client.println("<body>");
}

Discussion

loop

void loop()
{
  Client client = server.available();
  if (client) {
    TextFinder  finder(client );
    while (client.connected()) {
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      if (client.available()) {
        if( finder.find("GET ") ) {
          if(finder.getString( "/", "/", buffer, sizeof(buffer) )) // look for
the page name
          {
            if(strcmp(buffer, "analog") == 0)
              showAnalog(client);
            else if(strcmp(buffer, "digital") == 0)
              showDigital(client);
            else if(strcmp(buffer, "private") == 0)  // add this check
              showPrivate(client);                   // and this function call

            else
              unknownPage(client, buffer);
          }
        }
        Serial.println();
        break;
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}

showPrivate

void showPrivate(Client client, TextFinder finder)
{
  Serial.println("private");
  sendHeader(client);
  // find tokens starting with "pin" and stop on the first blank line
  while(finder.findUntil("pin", "\n\r")){
    char type = client.read(); // D or A
    int pin = finder.getValue();
    int val = finder.getValue();
    if( type == 'D') {
      Serial.print("Digital pin ");
      pinMode(pin, OUTPUT);
      digitalWrite(pin, val);

    }
    else if( type == 'A'){
      Serial.print("Analog pin ");
      analogWrite(pin, val);

    }
    else {
      Serial.print("Unexpected type ");
      Serial.print(type);
    }
    Serial.print(pin);
    Serial.print("=");
    Serial.println(val);
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  }
}

128

15.9  Using HTML to Format Web Server Responses
Problem

Solution

/*
 * WebServerMultiPageHTML
 *
 * Display analog and digital pin values using HTML formatting
*/
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
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#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] =  { 192,168,1,177 };

char buffer[8]; // make this buffer big enough to hold requested page names

Server server(80);

void setup()
{
  Ethernet.begin(mac, ip);
  server.begin();
  pinMode(13,OUTPUT);
  for(int i=0; i < 3; i++)
  {
     digitalWrite(13,HIGH);
     delay(500);
     digitalWrite(13,LOW);
     delay(500);
  }
}

void loop()
{
  Client client = server.available();
  if (client) {
    TextFinder  finder(client );
    while (client.connected()) {
      if (client.available()) {
        if( finder.find("GET ") ) {
          // look for the page name
          if(finder.getString( "/", "/", buffer, sizeof(buffer) )) 
          {
            if(strcasecmp(buffer, "analog") == 0)
              showAnalog(client);
            else if(strcasecmp(buffer, "digital") == 0)
              showDigital(client);
            else if(strcmp(buffer, "private")== 0)
              showPrivate(client, finder);
            else
              unknownPage(client, buffer);
          }
        }
        break;
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}
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void showAnalog(Client client)
{
  sendHeader(client,"Multi-page: Analog");
  client.println("<h2>Analog Pins</h2>");
  client.println("<table border='1' >");
  for (int i = 0; i < 6; i++) {
    // output the value of each analog input pin
    client.print("<tr><td>analog pin ");
    client.print(i);
    client.print(" </td><td>");
    client.print(analogRead(i));
    client.println("</td></tr>");
  }
  client.println("</table>");
  client.println("</body></html>");
}

void showDigital(Client client)
{
  sendHeader(client,"Multi-page: Digital");
  client.println("<h2>Digital Pins</h2>");
  client.println("<table border='1'>");
  for (int i = 2; i < 8; i++) {
    // show the value of digital pins
    pinMode(i, INPUT);
    digitalWrite(i, HIGH); // turn on pull-ups
    client.print("<tr><td>digital pin ");
    client.print(i);
    client.print(" </td><td>");
    if(digitalRead(i) == LOW)
      client.print("Low");
    else
      client.print("High");
    client.println("</td></tr>");
  }
  client.println("</table>");
  client.println("</body></html>");
}

void showPrivate(Client client, TextFinder finder)
{
  sendHeader(client,"Multi-page: Private");
  // find tokens starting with "pin" and stop on the first blank line
  while(finder.findUntil("pin", "\n\r")){
    char type = client.read(); // D or A
    int pin = finder.getValue();
    int val = finder.getValue();
    if( type == 'D') {
      pinMode(pin, OUTPUT);
      digitalWrite(pin, val);

    }
    else if( type == 'A'){
      analogWrite(pin, val);
    }
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    else {
     client.print(Serial.print("Unexpected type ");
     client.println(type);
    }
  }
}

void unknownPage(Client client, char *page)
{
  sendHeader(client, "Unknown Page");
  client.println("<h1>Unknown Page</h1>");
  client.println(page);
  client.println("</body></html>");
}

void sendHeader(Client client, char *title)
{
  // send a standard http response header
  client.println("HTTP/1.1 200 OK");
  client.println("Content-Type: text/html");
  client.println();
  client.print("<html><head><title>");
  client.println(title);
  client.println("</title><body>");
}

Discussion

  client.println("<table border='1' >");

for <td>
<tr> "analog pin"

client.print("<tr><td>analog pin ");

i

client.print(i);

    client.print(" </td><td>");

analogRead

    client.print(analogRead(i));

    client.println("</td></tr>");
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for

See Also

15.10  Serving Web Pages Using Forms (POST)
Problem

Solution

/*
 * WebServerPost sketch
 *
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 */
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] =  { 192,168,1,177 };

char buffer[8]; // buffer holding the requested page name

Server server(80);

void setup()
{
  Serial.begin(9600);
  Ethernet.begin(mac, ip);
  server.begin();
  delay(3000);
  Serial.println("Ready");
}

void loop()
{
  Client client = server.available();
  if (client) {
    TextFinder  finder(client );
    int type = 0;
    while (client.connected()) {
      if (client.available()) {
        // GET, POST, or HEAD
        if(finder.getString("","/", buffer,sizeof(buffer))){ 
          if(strcmp(buffer,"POST ") == 0){
            finder.find("\n\r"); // skip to the body
            // find string starting with "pin", stop on first blank line
            // the POST parameters expected in the form pinDx=Y
            // where x is the pin number and Y is 0 for LOW and 1 for HIGH
            while(finder.findUntil("pinD", "\n\r")){
              int pin = finder.getValue();       // the pin number
              int val = finder.getValue();       // 0 or 1
              pinMode(pin, OUTPUT);
              digitalWrite(pin, val);
            }
          }
          sendHeader(client,"Post example");
          //create HTML button to control pin 8
          client.println("<h2>Click buttons to turn pin 8 on or off</h2>");
          client.print("<form action='/' method='POST'><p><input type='hidden'
name='pinD8'");
          client.println(" value='0'><input type='submit' value='Off'/></form>");
          //create HTML button to turn on pin 8
          client.print("<form action='/' method='POST'><p><input type='hidden'
name='pinD8'");
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          client.print(" value='1'><input type='submit' value='On'/></form>");
          client.println("</body></html>");
          client.stop();
        }
        break;
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}

void sendHeader(Client client, char *title)
{
  // send a standard http response header
  client.println("HTTP/1.1 200 OK");
  client.println("Content-Type: text/html");
  client.println();
  client.print("<html><head><title>");
  client.print(title);
  client.println("</title><body>");
}

Discussion

pinD8
0

client.print("<form action='/' method='POST'><p><input type='hidden'
name='pinD8'");
client.println(" value='0'><input type='submit' value='Off'/></form>");

"POST "

if(strcmp(buffer,"POST ") == 0) // find the start of the posted form

   finder.find("\n\r"); // skip to the body
   // find parameters starting with "pin" and stop on the first blank line
   // the POST parameters expected in the form pinDx=Y
   // where x is the pin number and Y is 0 for LOW and 1 for HIGH

pinD8=0
pinD8=1

pinD

            while(finder.findUntil("pinD", "\n\r"))
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findUntil
\n\r

pinD

              int pin = finder.getValue();       // the pin number

0 1

              int val = finder.getValue();       // 0 or 1

              pinMode(pin, OUTPUT);
              digitalWrite(pin, val);

//create HTML button to turn on pin 9
client.print("<form action='/' method='POST'><p><input type='hidden'
name='pinD9'");
client.print(" value='1'><input type='submit' value='On'/></form>");

15.11  Serving Web Pages Containing Large Amounts of Data
Problem

Solution
POST

/*
 * WebServerMultiPageHTMLProgmem sketch
 *
 * Respond to requests in the URL to change digital and analog output ports
 * show the number of ports changed and the value of the analog input pins.
 *
 * http://192.168.1.177/analog/   displays analog pin data
 * http://192.168.1.177/digital/  displays digital pin data
 * http://192.168.1.177/private/  allows changing digital pin data
 *
 * Progmem code derived from webduino library by Ben Combee and Ran Talbott
 */
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#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>
#include <avr/pgmspace.h> // for progmem
#define P(name)   static const prog_uchar name[] PROGMEM  // declare a static
string

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] =  { 192,168,1,177 };

char buffer[8]; // make this buffer big enough to hold requested page names

Server server(80);

void setup()
{
  Serial.begin(9600);
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  Ethernet.begin(mac, ip);
  server.begin();
  delay(3000);
  Serial.println("Ready");
}

void loop()
{

  Client client = server.available();
  if (client) {
    TextFinder  finder(client );
    int type = 0;
    while (client.connected()) {
      if (client.available()) {
        // GET, POST, or HEAD
        if(finder.getString("","/", buffer,sizeof(buffer))){ 
          if(strcmp(buffer, "GET ") == 0 )
            type = 1;
          else if(strcmp(buffer,"POST ") == 0)
            type = 2;
          Serial.print("Type = ");
          Serial.println(type);
          // look for the page name
          if(finder.getString( "", "/", buffer, sizeof(buffer) )) 
          {
            Serial.print(buffer);
            Serial.print("|");
            if(strcasecmp(buffer, "analog") == 0)
              showAnalog(client);
            else if(strcasecmp(buffer, "digital") == 0)
              showDigital(client);
            else if(strcmp(buffer, "private")== 0)
              showPrivate(client, finder, type == 2);
            else
              unknownPage(client, buffer);
          }
        }
        Serial.println();
        break;
      }
    }
    // give the web browser time to receive the data
    delay(1);
    client.stop();
  }
}

void showAnalog(Client client)
{
  Serial.println("analog");
  sendHeader(client,"Multi-page example-Analog");
  client.println("<h1>Analog Pins</h1>");
  // output the value of each analog input pin
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  client.println("<table border='1' >");
  for (int i = 0; i < 6; i++) {
    client.print("<tr><td>analog pin ");
    client.print(i);
    client.print(" </td><td>");
    client.print(analogRead(i));
    client.println("</td></tr>");
  }
  client.println("</table>");
  client.println("</body></html>");
}

// mime encoded data for the led on and off images:
// see: http://www.motobit.com/util/base64-decoder-encoder.asp
P(led_on) =  "<img src=\"data:image/jpg;base64,"
"/9j/4AAQSkZJRgABAgAAZABkAAD/7AARRHVja3kAAQAEAAAAHgAA/+4ADkFkb2JlAGTAAAAAAf/b"
"AIQAEAsLCwwLEAwMEBcPDQ8XGxQQEBQbHxcXFxcXHx4XGhoaGhceHiMlJyUjHi8vMzMvL0BAQEBA"
"QEBAQEBAQEBAQAERDw8RExEVEhIVFBEUERQaFBYWFBomGhocGhomMCMeHh4eIzArLicnJy4rNTUw"
"MDU1QEA/QEBAQEBAQEBAQEBA/8AAEQgAGwAZAwEiAAIRAQMRAf/EAIIAAAICAwAAAAAAAAAAAAAA"
"AAUGAAcCAwQBAAMBAAAAAAAAAAAAAAAAAAACBAUQAAECBAQBCgcAAAAAAAAAAAECAwARMRIhQQQF"
"UWFxkaHRMoITUwYiQnKSIxQ1EQAAAwYEBwAAAAAAAAAAAAAAARECEgMTBBQhQWEiMVGBMkJiJP/a"
"AAwDAQACEQMRAD8AcNz3BGibKie0nhC0v3A+teKJt8JmZEdHuZalOitgUoHnEpQEWtSyLqgACWFI"
"nixWiaQhsUFFBiQSbiMvvrmeCBp27eLnG7lFTDxs+Kra8oOyium3ltJUAcDIy4EUMN/7Dnq9cPMO"
"W90E9kxeyF2d3HFOQ175olKudUm7TqlfKqDQEDOFR1sNqtC7k5ERYjndNPFSArtvnI/nV+ed9coI"
"ktd2BgozrSZO3J5jVEXRcwD2bbXNdq0zT+BohTyjgPp5SYdPJZ9NP2jsiIz7vhjLohtjnqJ/ouPK"
"co//2Q=="
"\"/>";

P(led_off) = "<img src=\"data:image/jpg;base64,"
"/9j/4AAQSkZJRgABAgAAZABkAAD/7AARRHVja3kAAQAEAAAAHgAA/+4ADkFkb2JlAGTAAAAAAf/b"
"AIQAEAsLCwwLEAwMEBcPDQ8XGxQQEBQbHxcXFxcXHx4XGhoaGhceHiMlJyUjHi8vMzMvL0BAQEBA"
"QEBAQEBAQEBAQAERDw8RExEVEhIVFBEUERQaFBYWFBomGhocGhomMCMeHh4eIzArLicnJy4rNTUw"
"MDU1QEA/QEBAQEBAQEBAQEBA/8AAEQgAHAAZAwEiAAIRAQMRAf/EAHgAAQEAAwAAAAAAAAAAAAAA"
"AAYFAgQHAQEBAQAAAAAAAAAAAAAAAAACAQQQAAECBQAHBQkAAAAAAAAAAAECAwAREhMEITFhoSIF"
"FUFR0UIGgZHBMlIjM1MWEQABAwQDAQEAAAAAAAAAAAABABECIWESA1ETIyIE/9oADAMBAAIRAxEA"
"PwBvl5SWEkkylpJMGsj1XjXSE1kCQuJ8Iy9W5DoxradFa6VDf8IJZAQ6loNtBooTJaqp3DP5oBlV"
"nWrTpEouQS/Cf4PO0uKbqWHGXTSlztSvuVFiZjmfLH3GUuMkzSoTMu8aiNsXet5/17hFyo6PR64V"
"ZnuqfqDDDySFpNpYH3E6aFjzGBr2DkMuFBSFDsWkilUdLftW13pWpcdWqnbBzI/l6hVXKZlROUSe"
"L1KX5zvAPXESjdHsTFWpxLKOJ54hIA1DZCj+Vx/3r96fCNrkvRaT0+V3zV/llplr9sVeHZui/ONk"
"H3dzt6cL/9k="
"\"/>";
;

void showDigital(Client client)
{
  Serial.println("digital");
  sendHeader(client,"Multi-page example-Digital");
  client.println("<h2>Digital Pins</h2>");
  // show the value of digital pins
  client.println("<table border='1'>");
  for (int i = 2; i < 8; i++) {
    pinMode(i, INPUT);
    digitalWrite(i, HIGH); // turn on pull-ups
    client.print("<tr><td>digital pin ");
    client.print(i);
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    client.print(" </td><td>");
    if(digitalRead(i) == LOW)
      printP(client, led_off);
    else
      printP(client, led_on);
    client.println("</td></tr>");
  }
  client.println("</table>");

  client.println("</body></html>");
}

void showPrivate(Client client, TextFinder finder, boolean isPost)
{
  Serial.println("private");
  if(isPost)
  {
    Serial.println("isPost");
    finder.find("\n\r"); // skip to the body
    // find parameters starting with "pin" and stop on the first blank line
    Serial.println("searching for parms");
    while(finder.findUntil("pinD", "\n\r")){
      int pin = finder.getValue();       // the pin number
      int val = finder.getValue();       // 0 or 1
      Serial.print(pin);
      Serial.print("=");
      Serial.println(val);
      pinMode(pin, OUTPUT);
      digitalWrite(pin, val);
    }
  }
  sendHeader(client,"Multi-page example-Private");
  // table with buttons from 2 through 9
  // 2 to 5 are inputs, the other buttons are outputs

  client.println("<table border='1'>");

  // show the input pins
  for (int i = 2; i < 6; i++) {  // pins 2-5 are inputs
    pinMode(i, INPUT);
    digitalWrite(i, HIGH); // turn on pull-ups
    client.print("<tr><td>digital input ");
    client.print(i);
    client.print(" </td><td>");

    client.print("&nbsp </td><td>");
    client.print(" </td><td>");
    client.print("&nbsp </td><td>");

    if(digitalRead(i) == LOW)
      //client.print("Low");
      printP(client, led_off);
    else

490 | Chapter 15:ಗEthernet and Networking



      //client.print("high");
    printP(client, led_on);
    client.println("</td></tr>");
  }

  // show output pins 6-9
  // note pins 10-13 are used by the ethernet shield 
  for (int i = 6; i < 10; i++) {
    client.print("<tr><td>digital output ");
    client.print(i);
    client.print(" </td><td>");
    htmlButton(client, "On", "pinD", i, "1");
    client.print(" </td><td>");
    client.print(" </td><td>");
    htmlButton(client, "Off", "pinD", i, "0");
    client.print(" </td><td>");

    if(digitalRead(i) == LOW)
      //client.print("Low");
      printP(client, led_off);
    else
      //client.print("high");
    printP(client, led_on);
    client.println("</td></tr>");
  }
  client.println("</table>");
}

// create an HTML button
void htmlButton( Client client, char * label, char *name, int nameId, char *value)
{
  P(buttonBegin) = "<form action='/private' method='POST'><p><input type='hidden'
name='";
  printP(client, buttonBegin);
  client.print(name);
  client.print(nameId);
  client.print("' value='");
  client.print(value);
  P(buttonType) = "'><input type='submit' value='";
  printP(client, buttonType);
  client.print(label);
  P(buttonEnd) = "'/></form>";
  printP(client, buttonEnd);
}

void unknownPage(Client client, char *page)
{
  Serial.print("Unknown : ");
  Serial.println("page");

  sendHeader(client,"Unknown Page");
  client.println("<h1>Unknown Page</h1>");
  client.println(page);
  client.println("</body></html>");
}
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void sendHeader(Client client, char *title)
{
  // send a standard http response header
  client.println("HTTP/1.1 200 OK");
  client.println("Content-Type: text/html");
  client.println();
  client.print("<html><head><title>");
  client.println(title);
  client.println("</title><body>");
}

void printP(Client client, const prog_uchar *str)
{
  // copy data out of program memory into local storage, write out in
  // chunks of 32 bytes to avoid extra short TCP/IP packets
  // from webduino library Copyright 2009 Ben Combee, Ran Talbott
  uint8_t buffer[32];
  size_t bufferEnd = 0;

  while (buffer[bufferEnd++] = pgm_read_byte(str++))
  {
    if (bufferEnd == 32)
    {
      client.write(buffer, 32);
      bufferEnd = 0;
    }
  }

  // write out everything left but trailing NUL
  if (bufferEnd > 1)
    client.write(buffer, bufferEnd - 1);
}

Discussion

P(name)
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P(led_on) =  "<img src=\"data:image/jpg;base64,"

P(led_on) = led_on

See Also

15.12  Sending Twitter Messages
Problem

Solution

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <Twitter.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192, 168, 1, 177 };
byte gateway[] = { 192, 168, 1, 254 };
byte subnet[] = { 255, 255, 255, 0 };

Twitter twitter("YourID:Password");

boolean MsgSent = false;
const int Sensor = 2;

void setup()
{
  Ethernet.begin(mac, ip, gateway, subnet);
  Serial.begin(9600);

15.12  Sending Twitter Messages | 493

http://code.google.com/p/webduino/
http://www.arduino.cc/playground/Code/TwitterLibrary
http://www.arduino.cc/playground/Code/TwitterLibrary


  pinMode(Sensor, INPUT);
  digitalWrite(Sensor, HIGH);  //turn on  pull-up resistors
  delay(1000);
}

void loop()
{
  if(digitalRead(Sensor) == LOW)
  { // here if mailbox is open
    if(MsgSent == false){ // check if message already sent
       MsgSent = sendMessage("Mail has been delivered");
    }
  }
  else{
      MsgSent = false;  // door closed so reset the state
  }
  delay(100);
}

boolean sendMessage( char *message)
{
boolean isSent = false;

  Serial.println("connecting ...");
  if (twitter.post(message)) {
    int status = twitter.wait();
    if (status == 200) {
      Serial.println("OK.");
      isSent = true;
    } else {
      Serial.print("failed : code ");
      Serial.println(status);
    }
  } else {
    Serial.println("connection failed.");
  }
  delay(100);
  return isSent;
}

Discussion

Twitter twitter("YourID:Password");

twitter.post(message);
true

twitter.wait(); 200
OK
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sendMessage

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <Twitter.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192, 168, 1, 177 };
byte gateway[] = { 192, 168, 1, 254 };
byte subnet[] = { 255, 255, 255, 0 };

Twitter twitter("YourID:Password");

char frontOpen[] = "The front door was opened";
char backOpen[] = "The back door was opened";

const int frontSensor = 2;
const int backSensor  = 3;

boolean frontMsgSent = false;
boolean backMsgSent = false;

void setup()
{
  Ethernet.begin(mac, ip, gateway, subnet);
  Serial.begin(9600);

  pinMode(frontSensor, INPUT);
  pinMode(backSensor, INPUT);
  digitalWrite(frontSensor, HIGH);  // pull-ups
  digitalWrite(backSensor, HIGH);

  delay(1000);
}

void loop()
{
  if(digitalRead(frontSensor) == LOW)
  { // here if door is open
    if(frontMsgSent == false){ // check if message already  sent
       frontMsgSent = sendMessage(frontOpen);
    }
  }
  else{
      frontMsgSent = false;  // door closed so reset the state
  }
  if(digitalRead(backSensor) == LOW)
  {
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    if(frontMsgSent == false) {
       backMsgSent = sendMessage(backOpen);
    }
  }
  else {
      backMsgSent = false;
  }
  delay(100);
}
// add in the sendMessage function from the sketch above

15.13  Sending and Receiving Simple Messages (UDP)
Problem

Solution

*
 * UDPSendReceiveStrings
 * This sketch receives UDP message strings, prints them to the serial port
 * and sends an "acknowledge" string back to the sender
 *
*/

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <Udp.h> // UDP library from: bjoern@cs.stanford.edu 12/30/2008

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED }; // MAC address to use
byte ip[] = {192, 168, 1, 177 };    // Arduino's IP address

unsigned int localPort = 8888;      // local port to listen on

// the next two variables are set when a packet is received
byte remoteIp[4];        // holds received packet's originating IP
unsigned int remotePort; // holds received packet's originating port

// buffers for receiving and sending data
byte packetBuffer[UDP_TX_PACKET_MAX_SIZE]; //buffer to hold incoming packet,
char replyBuffer[] = "acknowledged";       // a string to send back
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void setup() {
    // start the Ethernet and UDP:
  Ethernet.begin(mac,ip);
  Udp.begin(localPort);

  Serial.begin(9600);
}

void loop() {
  // if there's data available, read a packet
  int packetSize = Udp.available(); // note that this includes the UDP header
  if(packetSize)
  {
    packetSize = packetSize - 8;      // subtract the 8 byte header
    Serial.print("Received packet of size ");
    Serial.println(packetSize);

    // read packet into packetBuffer and get sender's IP addr and port number
    Udp.readPacket(packetBuffer,UDP_TX_PACKET_MAX_SIZE, remoteIp, &remotePort);
    Serial.println("Contents:");
    Serial.println((char*)packetBuffer);

    // send a string back to the sender
    Udp.sendPacket((byte*)replyBuffer,strlen(replyBuffer),remoteIp,remotePort);

  }
  delay(10);
}

// Processing UDP example to send and receive string data from Arduino
// press any key to send the "Hello Arduino" message

import hypermedia.net.*;

UDP udp;  // define the UDP object

void setup() {
  udp = new UDP( this, 6000 );  // create a new datagram connection on port 6000
  //udp.log( true );            // <-- print out the connection activity
  udp.listen( true );           // and wait for incoming message
}

void draw()
{
}

void keyPressed() {
 String ip       = "192.168.1.177";     // the remote IP address
 int port        = 8888;      // the destination port
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 udp.send("Hello World", ip, port );    // the message to send

}

void receive( byte[] data ) {           // <-- default handler
//void receive( byte[] data, String ip, int port ) {    // <-- extended handler

 for(int i=0; i < data.length; i++)
     print(char(data[i]));
 println();
}

Discussion

#define UDP_TX_PACKET_MAX_SIZE 24

/*
 * UDPSendReceive sketch:
*/
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <Udp.h> // UDP library from: bjoern@cs.stanford.edu 12/30/2008

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED }; // MAC address to use
byte ip[] = {192, 168, 1, 177 };    // Arduino's IP address
byte gw[] = {192, 168, 1, 254 };    // Gateway IP address
unsigned int localPort = 8888;      // local port to listen on

byte packetBuffer[UDP_TX_PACKET_MAX_SIZE]; //buffer to hold incoming packet,
int packetSize; // holds received packet size
byte remoteIp[4]; // holds received packet's originating IP
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unsigned int remotePort; // holds received packet's originating port

const int analogOutPins[] = { 3,5,6,9};  // pins 10 and 11 used by ethernet shield

void setup() {
  Ethernet.begin(mac,ip);
  Udp.begin(localPort);
  Serial.begin(9600);
  Serial.println("Ready");
}

void loop() {
  // if there's data available, read a packet
  packetSize = Udp.available();
  if(packetSize > 0 )
  {
    packetSize = packetSize - 8; // 8 byte UDP header so subtract 8 bytes
    Serial.print("Received packet of size ");
    Serial.print(packetSize);
    Serial.println(" with contents:");
    // read packet into packetBuffer and get sender's IP addr and port number
    packetSize = min(packetSize,UDP_TX_PACKET_MAX_SIZE);
    Udp.readPacket(packetBuffer,UDP_TX_PACKET_MAX_SIZE, remoteIp, &remotePort);

    for( int i=0; i < packetSize; i++)
    {
        byte value = packetBuffer[i];
        if( i < 4)
        {
           // only write to the first four analog out pins
           analogWrite(analogOutPins[i], value);
        }
        Serial.println(value, DEC);
    }
    Serial.println();
    // tell the sender the values of our analog ports
    sendAnalogValues(remoteIp, remotePort);
  }
  //wait a bit
  delay(10);
}

void sendAnalogValues( byte targetIp[], int targetPort )
{
  int index = 0;
  for(int i=0; i < 6; i++)
  {
     int value = analogRead(i);

     packetBuffer[index++] = lowByte(value);  // the low byte);
     packetBuffer[index++] = highByte(value); // the high byte);   }
  }
  //send a packet to specified peer
  Udp.sendPacket(packetBuffer, index, targetIp, targetPort);  
}
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UdpSendPacket Serial.print

analogWrite

/*
 * UDPTest
 *
 * Demo to send and receive data from Arduino using UDP
 */

import hypermedia.net.*;

UDP udp;  // define the UDP object

HScrollbar[] scroll = new HScrollbar[6];  //see: topics/gui/scrollbar

void setup() {
  size(256, 200);
  noStroke();
  for(int i=0; i < 6; i++) // create the scroll bars
    scroll[i] = new HScrollbar(0, 10 + (height / 6) * i, width, 10, 3*5+1);

  udp = new UDP( this, 6000 );  // create a new datagram connection on port 6000
  //udp.log( true );            // <-- print out the connection activity
  udp.listen( true );           // and wait for incoming message
}

void draw()
{
  background(255);
  fill(255);
  for(int i=0; i < 6; i++) {
    scroll[i].update();
    scroll[i].display();
  }
}

void keyPressed() {
 String ip       = "192.168.1.177";    // the remote IP address
 int port        = 8888;               // the destination port

  byte[] message = new byte[6] ;
  for(int i=0; i < 6; i++){
    message[i] = byte(scroll[i].getPos());
    println(int(message[i]) );
  }
  println();
  udp.send( message, ip, port );
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}

void receive( byte[] data ) {                           // <-- default handler
//void receive( byte[] data, String ip, int port ) {    // <-- extended handler

  println("incoming data is:");
  for(int i=0; i < 6; i++){
     scroll[i].setPos(data[i]);
     println((int)data[i]);
  }
}

class HScrollbar
{
  int swidth, sheight;    // width and height of bar
  int xpos, ypos;         // x and y position of bar
  float spos, newspos;    // x position of slider
  int sposMin, sposMax;   // max and min values of slider
  int loose;              // how loose/heavy
  boolean over;           // is the mouse over the slider?
  boolean locked;
  float ratio;

  HScrollbar (int xp, int yp, int sw, int sh, int l) {
    swidth = sw;
    sheight = sh;
    int widthtoheight = sw - sh;
    ratio = (float)sw / (float)widthtoheight;
    xpos = xp;
    ypos = yp-sheight/2;
    spos = xpos + swidth/2 - sheight/2;
    newspos = spos;
    sposMin = xpos;
    sposMax = xpos + swidth - sheight;
    loose = l;
  }

  void update() {
    if(over()) {
      over = true;
    } else {
      over = false;
    }
    if(mousePressed && over) {
      locked = true;
    }
    if(!mousePressed) {
      locked = false;
    }
    if(locked) {
      newspos = constrain(mouseX-sheight/2, sposMin, sposMax);
    }
    if(abs(newspos - spos) > 1) {
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      spos = spos + (newspos-spos)/loose;
    }
  }

  int constrain(int val, int minv, int maxv) {
    return min(max(val, minv), maxv);
  }

  boolean over() {
    if(mouseX > xpos && mouseX < xpos+swidth &&
    mouseY > ypos && mouseY < ypos+sheight) {
      return true;
    } else {
      return false;
    }
  }

  void display() {
    fill(255);
    rect(xpos, ypos, swidth, sheight);
    if(over || locked) {
      fill(153, 102, 0);
    } else {
      fill(102, 102, 102);
    }
    rect(spos, ypos, sheight, sheight);
  }

  float getPos() {
    return spos * ratio;
  }

  void setPos(int value) {
    spos = value / ratio;
  }
}

15.14  Getting the Time from an Internet Time Server
Problem

Solution

/*
 * UdpNtp sketch
 *
 * Get the time from an NTP time server
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 * Demonstrates use of UDP sendPacket and ReceivePacket
 */

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <Udp.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };  // MAC address to use
byte ip[] = { 192, 168, 1, 44 };                      // Arduino's IP address

unsigned int localPort = 8888;      // local port to listen for UDP packets

byte time_dot_nist_dot_gov[] = { 192, 43, 244, 18}; // time.nist.gov NTP server

const int NTP_PACKET_SIZE= 48; // NTP time stamp is in the first 48 bytes of the
message

byte packetBuffer[ NTP_PACKET_SIZE]; // buffer to hold incoming/outgoing packets

void setup()
{
  // start Ethernet and UDP
  Ethernet.begin(mac,ip);
  Udp.begin(localPort);

  Serial.begin(9600);
}

void loop()
{
  sendNTPpacket(time_dot_nist_dot_gov); // send an NTP packet to a time server
  // wait to see if a reply is available
  delay(1000);
  if ( Udp.available() ) {
     Udp.readPacket(packetBuffer,NTP_PACKET_SIZE);  // read packet into buffer

     //the timestamp starts at byte 40, convert four bytes into a long integer
     unsigned long hi = word(packetBuffer[40], packetBuffer[41]);
     unsigned long low = word(packetBuffer[42], packetBuffer[43]);
     unsigned long secsSince1900 = hi << 16 | low;  // this is NTP time (seconds
since Jan 1 1900)

    Serial.print("Seconds since Jan 1 1900 = " );
    Serial.println(secsSince1900);

    Serial.print("Unix time = ");
    // Unix time starts on Jan 1 1970
    const unsigned long seventyYears = 2208988800UL;     
    unsigned long epoch = secsSince1900 - seventyYears;  // subtract 70 years
    Serial.println(epoch);                               // print Unix time
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    // print the hour, minute and second:
    // UTC is the time at Greenwich Meridian (GMT)
    Serial.print("The UTC time is ");       
    // print the hour (86400 equals secs per day)
    Serial.print((epoch  % 86400L) / 3600); 
    Serial.print(':');
    // print the minute (3600 equals secs per minute)
    Serial.print((epoch  % 3600) / 60); 
    Serial.print(':');
    Serial.println(epoch %60); // print the second
  }
  // wait ten seconds before asking for the time again
  delay(10000);
}

// send an NTP request to the time server at the given address
unsigned long sendNTPpacket(byte *address)
{
  memset(packetBuffer, 0, NTP_PACKET_SIZE);  // set all bytes in the buffer to 0

  // Initialize values needed to form NTP request
  packetBuffer[0] = B11100011;   // LI, Version, Mode
  packetBuffer[1] = 0;     // Stratum
  packetBuffer[2] = 6;     // Max Interval between messages in seconds
  packetBuffer[3] = 0xEC;  // Clock Precision
  // bytes 4 - 11 are for Root Delay and Dispersion and were set to 0 by memset
  packetBuffer[12]  = 49;  // four byte reference ID identifying
  packetBuffer[13]  = 0x4E;
  packetBuffer[14]  = 49;
  packetBuffer[15]  = 52;

  // send the packet requesting a timestamp:
  Udp.sendPacket( packetBuffer,NTP_PACKET_SIZE,  address, 123); //NTP requests
are to port 123
}

Discussion

sendNTPpacket
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14:32:56 Monday 18 Jan 2010

/*
 * Time_NTP sketch
 * Example showing time sync to NTP time source
 *
 * This sketch uses the Time library
 * and the Arduino Ethernet library
 */

#include <Time.h>
#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Udp.h>
#include <Ethernet.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED };
byte ip[] = { 192, 168, 1, 44 };

unsigned int localPort = 8888;      // local port to listen for UDP packets

byte time_dot_nist_dot_gov[] = { 192, 43, 244, 18}; // time.nist.gov

const int NTP_PACKET_SIZE= 48; // NTP time stamp is in first 48 bytes of message
byte packetBuffer[ NTP_PACKET_SIZE]; // buffer to hold incoming/outgoing packets

time_t prevDisplay = 0;    // when the digital clock was displayed

void setup()
{
  Serial.begin(9600);
  Ethernet.begin(mac,ip);
  Udp.begin(localPort);
  Serial.println("waiting for sync");
  setSyncProvider(getNtpTime);
  while(timeStatus()== timeNotSet)
     ; // wait until the time is set by the sync provider
}

void loop()
{
  if( now() != prevDisplay)   //update the display only if the time has changed
  {
    prevDisplay = now();
    digitalClockDisplay();
  }
}
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void digitalClockDisplay(){
  // digital clock display of the time
  Serial.print(hour());
  printDigits(minute());
  printDigits(second());
  Serial.print(" ");
  Serial.print(dayStr(weekday()));
  Serial.print(" ");
  Serial.print(day());
  Serial.print(" ");
  Serial.print(monthShortStr(month()));
  Serial.print(" ");
  Serial.print(year());
  Serial.println();
}

void printDigits(int digits){
  // utility function for digital clock display: prints preceding colon and
leading 0
  Serial.print(":");
  if(digits < 10)
    Serial.print('0');
  Serial.print(digits);
}

/*-------- NTP code ----------*/

unsigned long getNtpTime()
{
  sendNTPpacket(time_dot_nist_dot_gov);
  delay(1000);
  if ( Udp.available() ) {
     Udp.readPacket(packetBuffer,NTP_PACKET_SIZE);  // read packet into the buffer

     //the timestamp starts at byte 40, convert four bytes into a long integer
     unsigned long hi = word(packetBuffer[40], packetBuffer[41]);
     unsigned long low = word(packetBuffer[42], packetBuffer[43]);
     // this is NTP time (seconds since Jan 1 1900
     unsigned long secsSince1900 = hi << 16 | low;  
     // Unix time starts on Jan 1 1970
     const unsigned long seventyYears = 2208988800UL;     
     unsigned long epoch = secsSince1900 - seventyYears;  // subtract 70 years
     return epoch;
  }
  return 0; // return 0 if unable to get the time
}

// send an NTP request to the time server at the given address
unsigned long sendNTPpacket(byte *address)
{
  memset(packetBuffer, 0, NTP_PACKET_SIZE);  // set all bytes in the buffer to 0

  // Initialize values needed to form NTP request
  packetBuffer[0] = B11100011;   // LI, Version, Mode
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  packetBuffer[1] = 0;     // Stratum
  packetBuffer[2] = 6;     // Max Interval between messages in seconds
  packetBuffer[3] = 0xEC;  // Clock Precision
  // bytes 4 - 11 are for Root Delay and Dispersion and were set to 0 by memset
  packetBuffer[12]  = 49;  // four-byte reference ID identifying
  packetBuffer[13]  = 0x4E;
  packetBuffer[14]  = 49;
  packetBuffer[15]  = 52;

  // send the packet requesting a timestamp:
  // NTP requests are to port 123
  Udp.sendPacket( packetBuffer,NTP_PACKET_SIZE,  address, 123); 
}

See Also

15.15  Monitoring Pachube Feeds
Problem

Solution

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include <TextFinder.h>

const int  feedID           =    504; // this is the ID of the
remote Pachube feed that you want to connect to
const int  streamCount      =      4; // Number of data streams to get
const long REFRESH_INTERVAL = 600000; // Update every 10 minutes
const long RETRY_INTERVAL   = 10000;  // if connection fails/resets
wait 10 seconds before trying again - should not be less than 5

#define PACHUBE_API_KEY  "your key here . . ." // fill in your API key
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// mac address, make sure this is unique on your network
byte mac[] = { 0xCC, 0xAC, 0xBE, 0xEF, 0xFE, 0x91 }; 
byte remoteServer[] = { 209,40,205,190 };            // pachube.com

byte ip[] = { 192, 168, 1, 144  };                   // no DHCP so set IP address
byte gateway[] ={ 192, 168, 1, 254 };
byte subnet[] ={ 255, 255, 255, 0 };

float streamData[streamCount];    // change float to long if needed for your data
char findBuffer     [11];  // holds one numeric field - room for 10 characters
and the terminating null

Client client(remoteServer, 80);
TextFinder  finder( client );

void setup()
{
  Serial.begin(9600);
  Ethernet.begin(mac, ip, gateway, subnet);
}

void loop()
{
   if( getFeed(feedID, streamCount) == true)
   {
      for(int id = 0; id < streamCount; id++){
        Serial.println( streamData[id]);
      }
      Serial.println("--");
      delay(REFRESH_INTERVAL);
   }
   else
   {
      Serial.println("Unable to get feed");
      delay(RETRY_INTERVAL);
   }
}

// returns true if able to connect and get data for all requested streams
in this feed
boolean getFeed(int feedId, int streamCount )
{
boolean result = false;
  Serial.print("Connecting feed "); Serial.print(feedId); Serial.print(" ... ");
  if (client.connect()) {
    client.print("GET /api/feeds/");
    client.print(feedId);
   // client.print(".csv HTTP/1.1\nHost: pachube.com\nX-PachubeApiKey: ");
    client.print(".xml HTTP/1.1\nHost: pachube.com\nX-PachubeApiKey: ");
    client.print(PACHUBE_API_KEY);
    client.print("\nUser-Agent: Arduino");
    client.println("\n");
  }

508 | Chapter 15:ಗEthernet and Networking



  else {
    Serial.println("Connection failed");
  }
  if (client.connected()) {
    Serial.println("Connected");
    if(  finder.find("HTTP/1.1") && finder.find("200 OK") )
       result = processFeed(streamCount);
    else
       Serial.println("Dropping connection - no 200 OK");
  }
  else {
    Serial.println("Disconnected");
  }
  client.stop();
  client.flush();
  return result;
}

int processFeed(int streamCount)
{
  finder.find("<environment updated=");
  finder.getString("T", "\"",findBuffer, sizeof(findBuffer));    // get the time
  Serial.print("Values updated at ");
  Serial.println(findBuffer);

  int processed = 0;
  for(int id = 0; id < streamCount; id++)
  {
    if( finder.find( "<data id=" ) )  //find next data field
    {
       if(finder.find("<value ")  )
       {
         finder.find(">"); // seek to the angle brackets
         streamData[id] = finder.getValue();
         processed++;
       }
    }
    else {
      Serial.print("unable to find Id field ");
      Serial.println(id);
    }
  }
  return(processed == streamCount );  // return true iff got all data
}

Discussion

#define PACHUBE_API_KEY  "your key here . . ." // fill in your API key
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get
Feed

getFeed true
processFeed

15.16  Sending Information to Pachube
Problem

Solution

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

#include <Ethernet.h>
#include "Dhcp.h"  // uses DHCP code from: http://blog.jordanterrell.com
#include <TextFinder.h>

const int  feedID           =    2955; // this is the ID of my float test feed
const int  streamCount      =      6;  // Number of data streams to send
const long REFRESH_INTERVAL = 60000;   // Update every  minute
// if connection fails/resets wait 10 seconds before trying again
// should not be less than 5
const long RETRY_INTERVAL   = 10000;  

#define PACHUBE_API_KEY  "Your key here . . . " // fill in your API key

// make sure this is unique on your network
byte mac[] = { 0xCC, 0xAC, 0xBE, 0xEF, 0xFE, 0x91 }; 
byte remoteServer[] = { 209,40,205,190 };            // pachube.com

//used to store csv output and response strings (date is 26 chars)
char buffer[32];            

Client      client(remoteServer, 80);
TextFinder  finder( client );

void setup()
{
  Serial.begin(9600);
  Serial.println("Getting ip address");

510 | Chapter 15:ಗEthernet and Networking



  if(Dhcp.beginWithDHCP(mac) == 1) {  // begin method returns 1 if successful
    delay(4000);
  }
  else {
    Serial.println("unable to acquire ip address!");
    while(true)
      ;  // do nothing
  }
}

void loop()
{

int data[streamCount];
  buffer[0] = 0;
  char * bufPointer = buffer;
  for(int id = 0; id < streamCount; id++)
  {
     float temperature = getTemperature(id)   ;
     formatFloat( temperature, 1, &buffer[strlen(buffer)]);  // format as xx.y
     if( id < streamCount-1)
        strcat(buffer, ",");                // commas between all but last value
  }
  if( putFeed(feedID, streamCount) == true)
  {
     Serial.print("Feed updated: ");
     Serial.println(buffer);
     delay(REFRESH_INTERVAL);
  }
  else
  {
      Serial.println("Unable to update feed");
      delay(RETRY_INTERVAL);
  }
}

// returns true if able to connect and send data
boolean putFeed(int feedId, int streamCount )
{
boolean result = false;
  Serial.print("Connecting feed "); Serial.print(feedId); Serial.print(" ... ");
  if (client.connect()) {
    client.print("PUT /api/feeds/");
    client.print(feedId);
    client.print(".csv HTTP/1.1\nHost: pachube.com\nX-PachubeApiKey: ");
    //client.print(".xml HTTP/1.1\nHost: pachube.com\nX-PachubeApiKey: ");
    client.print(PACHUBE_API_KEY);
    client.print("\nUser-Agent: Arduino");
    client.print("\nContent-Type: text/csv\nContent-Length: ");
    client.print(strlen(buffer));
    client.print("\nConnection: close\n\n");
    client.print(buffer);

    client.println("\n");
  }
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  else {
    Serial.println("Connection failed");
  }
  if (client.connected()) {
    Serial.println("Connected");
    if(  finder.find("HTTP/1.1") && finder.find("200 OK") ){
       finder.getString("Date: ", "\r",buffer, sizeof(buffer));  // store time
       result = true;
    }
    else
       Serial.println("Dropping connection - no 200 OK");
  }
  else {
    Serial.println("Disconnected");
  }
  client.stop();
  client.flush();
  return result;
}

float getTemperature(int pin)
{
   const int nbrSamples = 8; // take the average of 8 samples
   int samples = 0;
   for(int i=0; i < nbrSamples; i++)
       samples = samples + analogRead(pin);
   float t = samples / nbrSamples; // get the average value
   t =  (t /1024.0) * 500;  // each degree C is 10mv
   return t;
}

// returns the number of characters added to the buffer
int formatFloat(float number, byte digits, char *buf)
{
  if (!buf )
    return 0;
  char * bufStart = buf;  // store the start of the buffer
  // Handle negative numbers
  if (number < 0.0)
  {
     *buf++ = '-';
     number = -number;
  }

  // Round correctly so that print(1.999, 2) prints as "2.00"
  double rounding = 0.5;
  for (uint8_t i=0; i<digits; ++i)
    rounding /= 10.0;

  number += rounding;

  // Extract the integer part of the number and print it
  unsigned long int_part = (unsigned long)number;
  double remainder = number - (double)int_part;
  ultoa(int_part, buf, 10 );
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  buf = &buf[strlen(buf)];

  // Print the decimal point, but only if there are digits
  if (digits > 0 )
    *buf++ = '.';

  // Extract digits from the remainder one at a time
  while (digits-- > 0 )
  {
    remainder *= 10.0;
    int toPrint = int(remainder);
    *buf++ = toPrint + '0';
    remainder -= toPrint;
  }
  *buf = 0;
  return buf-bufStart; // the number of characters added
}

Discussion
putFeed
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CHAPTER 16

Using, Modifying, and
Creating Libraries

16.0  Introduction

16.1  Using the Built-in Libraries
Problem

515



Solution

ൺ

#include <nameOfTheLibrarySelected.h>
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Discussion

setup

See Also

16.2  Installing Third-Party Libraries
Problem

Solution

→
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ൺ

ൺ

Discussion

16.3  Modifying a Library
Problem

Solution
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Alarm

/*
multiple_alarms sketch
 has more timer repeats than the library supports out of the box -
 you will need to edit the header file to enable more than 6 alarms
 */

#include <Time.h>
#include <TimeAlarms.h>

int currentSeconds = 0;

void setup()
{
  Serial.begin(9600);

  // create 7 alarm tasks
  Alarm.timerRepeat(1, repeatTask1);
  Alarm.timerRepeat(2, repeatTask2);
  Alarm.timerRepeat(3, repeatTask3);
  Alarm.timerRepeat(4, repeatTask4);
  Alarm.timerRepeat(5, repeatTask5);
  Alarm.timerRepeat(6, repeatTask6);
  Alarm.timerRepeat(7, repeatTask7);  //7th timer repeat
}

void repeatTask1()
{
  Serial.print("task 1  ");
}

void repeatTask2()
{
  Serial.print("task 2  ");
}
void repeatTask3()
{
  Serial.print("task 3  ");
}

void repeatTask4()
{
  Serial.print("task 4  ");
}

void repeatTask5()
{
  Serial.print("task 5  ");
}

void repeatTask6()
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{
  Serial.print("task 6  ");
}

void repeatTask7()
{
  Serial.print("task 7  ");
}

void  loop()
{
  if(second() != currentSeconds)
  {
   // print the time for each new second
   // the task numbers will be printed when the alarm for that task is triggered
    Serial.println();
    Serial.print(second());
    Serial.print("->");
    currentSeconds = second();
    Alarm.delay(1); //Alarm.delay must be called to service the alarms
  }
}

1->task 1
2->task 1  task 2
3->task 1  task 3
4->task 1  task 2  task 4
5->task 1  task 5
6->task 1  task 2  task 3  task 6
7->task 1
8->task 1  task 2  task 4
9->task 1  task 3

ൺ
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#ifndef TimeAlarms_h
#define TimeAlarms_h

#include <inttypes.h>
#include "Time.h"
#define dtNBR_ALARMS 6

dtNbr_ALARMS

   #define dtNBR_ALARMS 6

  #define dtNMBR_ALARMS 7

1->task 1
2->task 1  task 2
3->task 1  task 3
4->task 1  task 2  task 4
5->task 1  task 5
6->task 1  task 2  task 3  task 6
7->task 1  task 7
8->task 1  task 2  task 4
9->task 1  task 3

Discussion

#ifndef TimeAlarms_h
#define TimeAlarms_h

#include <inttypes.h>
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#include "Time.h"

#define dtNBR_ALARMS 6

#define

See Also

16.4  Creating Your Own Library
Problem

Solution

BlinkLED

/*
 * blinkLibTest
 */

const int firstLedPin  = 3;        // choose the pin for each of the LEDs
const int secondLedPin = 5;
const int thirdLedPin  = 6;
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void setup()
{
  pinMode(firstLedPin, OUTPUT);     // declare LED pins as output
  pinMode(secondLedPin, OUTPUT);    // declare LED pins as output
  pinMode(thirdLedPin, OUTPUT);     // declare LED pins as output
}

void loop()
{
  // flash each of the LEDs for 1000 milliseconds (1 second)
  blinkLED(firstLedPin, 1000);
  blinkLED(secondLedPin, 1000);
  blinkLED(thirdLedPin, 1000);
}

blinkLED

/* blinkLED.cpp
 * simple library to light an LED for a duration given in milliseconds
 */
#include <WProgram.h> // Arduino includes
#include "blinkLED.h"

// blink the LED on the given pin for the duration in milliseconds
void blinkLED(int pin, int duration)
{
  digitalWrite(pin, HIGH);     // turn LED on
  delay(duration);
  digitalWrite(pin, LOW);      // turn LED off
  delay(duration);
}

/*
 * blinkLED.h
 * Library header file for BlinkLED library
 */

void blinkLED(int pin, int duration);  // function prototype

Discussion

blinkLED
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blinkLED

blinkLED

#include <WProgram.h> // Arduino includes
#include "blinkLED.h"

#include <WProgram.h>

#include "blinkLED.h"

void blinkLED(int pin, int duration);  // function prototype

void blinkLED(int pin, int duration)
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// constants for duration
const int BLINK_SHORT = 250;
const int BLINK_MEDIUM = 500;
const int BLINK_LONG = 1000;

void blinkLED(int pin, int duration);  // function prototype

loop

void loop()
{
  blinkLED(firstLedPin, BLINK_SHORT);
  blinkLED(secondLedPin, BLINK_MEDIUM);
  blinkLED(thirdLedPin, BLINK_LONG);
}

loop

void loop()
{
  blinkLED(firstLedPin,BLINK_SHORT,5 );     // blink 5 times
  blinkLED(secondLedPin,BLINK_MEDIUM,3 );   // blink 3 times
  blinkLED(thirdLedPin, BLINK_LONG);        // blink once
}
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/*
 * BlinkLED.h
 * Header file for BlinkLED library
 */

const int BLINK_SHORT = 250;
const int BLINK_MEDIUM = 500;
const int BLINK_LONG = 1000;

void blinkLED(int pin, int duration);
// new function for repeat count
void blinkLED(int pin, int duration, int repeats);

/*
 * BlinkLED.cpp
 */

#include <WProgram.h> // Arduino includes
#include "BlinkLED.h"

// blink the LED on the given pin for the duration in milliseconds
void blinkLED(int pin, int duration)
{
  digitalWrite(pin, HIGH);     // turn LED on
  delay(duration);
  digitalWrite(pin, LOW);      // turn LED off
  delay(duration);
}

/* function to repeat blinking
void blinkLED(int pin, int duration, int repeats)
{
  while(repeats)
  {
     blinkLED(pin, duration);
     repeats = repeats -1;
  }
}

#######################################
# Methods and Functions (KEYWORD2)
#######################################
blinkLED  KEYWORD2
#######################################
# Constants (LITERAL1)
#######################################
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BLINK_SHORT    LITERAL1
BLINK_MEDIUM   LITERAL1
BLINK_LONG     LITERAL1

See Also

16.5  Creating a Library That Uses Other Libraries
Problem

Solution

/*
 * i2cDebug.h
 */

 #include <WProgram.h>
 #include <Print.h>   // the Arduino print class

class I2CDebugClass : public Print
{
  private:
    int I2CAddress;
    byte count;
    void write(byte c);
  public:
    I2CDebugClass();
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    boolean begin(int id);
};

extern I2CDebugClass i2cDebug;   // the i2c debug object

/*
 * i2cDebug.cpp
 */

 #include <i2cDebug.h>

 #include <Wire.h>    // the Arduino I2C library

 I2CDebugClass::I2CDebugClass()
 {
 }

 boolean I2CDebugClass::begin(int id)
 {
    I2CAddress = id;  // save the slave's address
    Wire.begin(); // join I2C bus (address optional for master)
    return true;
 }

  void I2CDebugClass::write(byte c)
  {
     if( count == 0)
     {
      // here if the first char in the transmission
       Wire.beginTransmission(I2CAddress); // transmit to device
     }
     Wire.send(c);
     //  if the I2C buffer is full or an end of line is reached, send the data
     // BUFFER_LENGTH is defined in the Wire library
     if(++count >= BUFFER_LENGTH || c == '\n') 
     {
         // send data if buffer full or newline character
         Wire.endTransmission();
         count = 0;
     }
  }

I2CDebugClass i2cDebug;   // Create an I2C debug object

/*
 * i2cDebug
 * example sketch for i2cDebug library
 */

#include <Wire.h>    // the Arduino I2C library
#include <i2cDebug.h>
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const int address = 4;    //the address to be used by the communicating devices
const int sensorPin = 0;  // select the analog input pin for the sensor
int val;                  // variable to store the sensor value

void setup()
{
   Serial.begin(9600);
   i2cDebug.begin(address);
}

void loop()
{
   // read the voltage on the pot(val ranges from 0 to 1023)
   val = analogRead(sensorPin);        
   Serial.println(val);
   i2cDebug.println(val);
}

Discussion
include
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CHAPTER 17

Advanced Coding and
Memory Handling

17.0  Introduction
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Preprocessor

#
#include

See Also

17.1  Understanding the Arduino Build Process
Problem
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Solution

build.verbose=false
false true

Discussion

#include "WProgram.h"
digitalWrite() analogRead()

→ → ൺ

ൺ ൺ ൺ ൺ ൺ ൺ
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..\hardware\tools\avr\bin\avr-objdump.exe -S blink.cpp.elf

..\hardware\tools\avr\bin\avr-objdump.exe -S blink.cpp.elf > blink.txt

..\hardware\tools\avr\bin\avr-objdump.exe -S -h blink.cpp.elf > blink.txt
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See Also

17.2  Determining the Amount of Free and Used RAM
Problem

Solution

memoryFree

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  Serial.print(memoryFree());  // print the free memory
  Serial.print(' ');           // print a space
  delay(1000);
}

// variables created by the build process when compiling the sketch
extern int __bss_end;
extern void *__brkval;

// function to return the amount of free RAM
int memoryFree()
{
  int freeValue;
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  if((int)__brkval == 0)
     freeValue = ((int)&freeValue) - ((int)&__bss_end);
  else
    freeValue = ((int)&freeValue) - ((int)__brkval);

  return freeValue;
}

Discussion
memoryFree

#define ERROR_MESSAGE "an error has occurred"

char myMessage[] = "Hello World";

void myFunction(int value)
{
   int result;
   result = value * 2;
   return result;
}

String stringOne = "Arduino String";

String

String s = "\n";

delay loop

s = s + "Hello I am Arduino \n";
  Serial.println(s);           // print the string value

loop
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See Also

17.3  Storing and Retrieving Numeric Values in
Program Memory
Problem

Solution

/* ProgmemCurve sketch
 * uses table in Progmem to convert linear to exponential output
 * See Recipe 7.2 and Figure 7-2
 */

#include <avr/pgmspace.h>  // needed for PROGMEM

// table of exponential values
// generated for values of i from 0 to 255 -> x=round( pow( 2.0, i/32.0) - 1);

const byte table[]PROGMEM = {
   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,   0,
   0,   0,   0,   1,   1,   1,   1,   1,   1,   1,   1,   1,   1,   1,   1,   1,
   1,   1,   1,   1,   1,   1,   1,   1,   1,   1,   1,   2,   2,   2,   2,   2,
   2,   2,   2,   2,   2,   2,   2,   2,   2,   2,   3,   3,   3,   3,   3,   3,
   3,   3,   3,   3,   3,   3,   4,   4,   4,   4,   4,   4,   4,   4,   4,   5,
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   5,   5,   5,   5,   5,   5,   5,   6,   6,   6,   6,   6,   6,   6,   7,   7,
   7,   7,   7,   8,   8,   8,   8,   8,   9,   9,   9,   9,   9,  10,  10,  10,
  10,  11,  11,  11,  11,  12,  12,  12,  12,  13,  13,  13,  14,  14,  14,  15,
  15,  15,  16,  16,  16,  17,  17,  18,  18,  18,  19,  19,  20,  20,  21,  21,
  22,  22,  23,  23,  24,  24,  25,  25,  26,  26,  27,  28,  28,  29,  30,  30,
  31,  32,  32,  33,  34,  35,  35,  36,  37,  38,  39,  40,  40,  41,  42,  43,
  44,  45,  46,  47,  48,  49,  51,  52,  53,  54,  55,  56,  58,  59,  60,  62,
  63,  64,  66,  67,  69,  70,  72,  73,  75,  77,  78,  80,  82,  84,  86,  88,
  90,  91,  94,  96,  98, 100, 102, 104, 107, 109, 111, 114, 116, 119, 122, 124,
 127, 130, 133, 136, 139, 142, 145, 148, 151, 155, 158, 161, 165, 169, 172, 176,
 180, 184, 188, 192, 196, 201, 205, 210, 214, 219, 224, 229, 234, 239, 244, 250
};

const int rawLedPin  = 3;           // this LED is fed with raw values
const int adjustedLedPin = 5;       // this LED is driven from table

int brightness = 0;
int increment = 1;

void setup()
{
  // pins driven by analogWrite do not need to be declared as outputs
}

void loop()
{
  if(brightness > 255)
  {
     increment = -1; // count down after reaching 255
  }
  else if(brightness < 1)
  {
    increment =  1; // count up after dropping back down to 0
  }
  brightness = brightness + increment; // increment (or decrement sign is minus)

  // write the brightness value to the LEDs
  analogWrite(rawLedPin, brightness);  // this is the raw value
  int adjustedBrightness = pgm_read_byte(&table[brightness]);  // adjusted value
  analogWrite(adjustedLedPin, adjustedBrightness);

  delay(10); // 10ms for each step change means 2.55 secs to fade up or down
}

Discussion
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const byte table[]PROGMEM = {
  0, . . .

PROGMEM

PROGMEM

#include <avr/pgmspace.h>

  int adjustedBrightness = pgm_read_byte(&table[brightness]);
  analogWrite(adjustedLedPin, adjustedBrightness);

adjustedBrightness
pgm_read_byte(&table[brightness]);
table brightness

pgm_read_byte(table + brightness);

&table[brightness] table + brightness

/* ir-distance_Progmem sketch
 * prints distance & changes LED flash rate depending on distance from IR sensor
 * uses progmem for table
 */

#include <avr/pgmspace.h> // needed when using Progmem

// table entries are distances in steps of 250 millivolts
const int TABLE_ENTRIES = 12;
const int firstElement = 250; // first entry is 250 mV
const int interval  = 250; // millivolts between each element
// the following is the definition of the table in Program Memory
const int distanceP[TABLE_ENTRIES] PROGMEM = { 150,140,130,100,60,50,
40,35,30,25,20,15 };

// This function reads from Program Memory at the given index
int getTableEntry(int index)
{
  int value =  pgm_read_word(&distanceP[index]);
  return value;
}
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getTableEntry

getDistance

int getDistance(int mV)
{
   if( mV >  interval * TABLE_ENTRIES )
      return getTableEntry(TABLE_ENTRIES-1); // the minimum distance
   else
   {
      int index = mV / interval;
      float frac = (mV % 250) / (float)interval;
      return getTableEntry(index) - ((getTableEntry(index) -
getTableEntry(index+1)) * frac);
   }
}

17.4  Storing and Retrieving Strings in Program Memory
Problem

Solution

#include <avr/pgmspace.h> // for progmem

//create a string of 20 characters in progmem
const prog_uchar myText[] = "arduino duemilanove "; 

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  Serial.print(memoryFree());  // print the free memory
  Serial.print(' ');           // print a space

  printP(myText);              // print the string
  delay(1000);
}

// function to print a PROGMEM string
void printP(const prog_uchar *str)

540 | Chapter 17:ಗAdvanced Coding and Memory Handling



{
char c;

   while((c = pgm_read_byte(str++)))
     Serial.print(c,BYTE);
}

// variables created by the build process when compiling the sketch
extern int __bss_end;
extern void *__brkval;

// function to return the amount of free RAM
int memoryFree()
{
  int freeValue;

  if((int)__brkval == 0)
     freeValue = ((int)&freeValue) - ((int)&__bss_end);
  else
    freeValue = ((int)&freeValue) - ((int)__brkval);

  return freeValue;
}

Discussion

#include

#include <avr/pgmspace.h> // for progmem

const prog_uchar

const prog_uchar myText[] = "arduino duemilanove "; //a string of 20 characters
in progmem

#define P(name)   const prog_uchar name[] PROGMEM  // declare a PROGMEM string

P(name)

   P(myTextP) = "arduino duemilanove "; //a string of 20 characters in progmem
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char myText[] = "arduino duemilanove "; //a string of 20 characters

void setup()
{
  Serial.begin(9600);
}

void loop()
{
  Serial.print(memoryFree());  // print the free memory
  Serial.print(' ');           // print a space

  Serial.print(myText);        // print the string
  delay(1000);
}

17.5  Using #define and const Instead of Integers
Problem

Solution
const

int ledPin=13;

const int ledPin=13;

Discussion

int ledPin =  13;          // a variable, but this wastes RAM
const int ledPin =  13;    // a const does not use RAM
#define ledPin 13          // using a #define
                           // the preprocessor replaces ledPin with 13

pinMode(ledPin, OUTPUT);
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const
ledPin int

const

pinMode(13, OUTPUT);

#define
const #define const

const
#define

const #define

See Also

17.6  Using Conditional Compilations
Problem

Solution

#if ARDUINO > 18
#include <SPI.h>         // needed for Arduino versions later than 0018
#endif

DEBUG

/*
 Pot_Debug sketch
 blink an LED at a rate set by the position of a potentiometer
 Uses Serial port for debug if DEBUG is defined
 */

const int potPin = 0;    // select the input pin for the potentiometer
const int ledPin = 13;   // select the pin for the LED
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int val = 0;             // variable to store the value coming from the sensor

#define DEBUG

void setup()
{
  Serial.begin(9600);
  pinMode(ledPin, OUTPUT);     // declare the ledPin as an OUTPUT
}

void loop() {
  val = analogRead(potPin);    // read the voltage on the pot
  digitalWrite(ledPin, HIGH);  // turn the ledPin on
  delay(val);                  // blink rate set by pot value
  digitalWrite(ledPin, LOW);   // turn the ledPin off
  delay(val);                  // turn LED off for same period as it was turned on
#if defined DEBUG
  Serial.println(val);
#endif
}

Discussion

ARDUINO
ARDUINO

#

#include

#include <library.h>

< >

#include "header.h"

/*
 * ConditionalCompile sketch
 * This sketch recognizes the controller chip using conditional defines
 */

int numberOfSensors;
int val = 0;               // variable to store the value coming from the sensor
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void setup()
{
   Serial.begin(9600);

#if defined(__AVR_ATmega1280__)   // defined when selecting Mega in the IDE
  numberOfSensors = 16;           // the number of analog inputs on the Mega
#else                             // if not Mega then assume a standard board
  numberOfSensors = 6;            // analog inputs on a standard Arduino board
#endif

 Serial.print("The number of sensors is ");
 Serial.println(numberOfSensors);
}

void loop() {
  for(int sensor = 0; sensor < numberOfSensors; sensor++)
  {
     val = analogRead(sensor);    // read the sensor value
     Serial.println(val);         // display the value
  }
  Serial.println();
  delay(1000);        // delay a second between readings
}

See Also
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CHAPTER 18

Using the Controller Chip Hardware

18.0  Introduction

millis

Registers

547



Interrupts

delay millis
attachInterrupt

Timers

millis delay analogWrite

analogWrite

analogWrite

analogWrite
analogWrite
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analogWrite

analogWrite

analogWrite

analogWrite

analogWrite

analogWrite

analogWrite
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Prescale factor CSx2, CSx1, CSx0 Precision Time to overflow

   8-bit timer 16-bit timer

1 B001 62.5 ns 16 µs 4.096 ms

8 B010 500 ns 128 µs 32.768 ms

64 B011 4 µs 1,024 µs 262.144 ms

256 B100 16 µs 4,096 µs 1048.576 ms

1,024 B101 64 µs 16,384 µs 4194.304 ms

 B110 External clock, falling edge

 B111 External clock, rising edge

Analog and Digital Pins

See Also
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18.1  Storing Data in Permanent EEPROM Memory
Problem

Solution

 /*
  based on Blink without Delay
  uses EEPROM to store blink values
 */

#include <EEPROM.h>

// these values are saved in EEPROM
const byte EEPROM_ID = 0x99;   // used to identify if valid data in EEPROM
byte ledPin =  13;             // the number of the LED pin
int interval = 1000;           // interval at which to blink (milliseconds)

// variables that do not need to be saved
int ledState = LOW;             // ledState used to set the LED
long previousMillis = 0;        // will store last time LED was updated

//constants used to identify EEPROM addresses
const int ID_ADDR = 0;       // the EEPROM address used to store the ID
const int PIN_ADDR = 1;      // the EEPROM address used to store the pin
const int INTERVAL_ADDR = 2; // the EEPROM address used to store the interval

void setup()
{
  Serial.begin(9600);
  byte id = EEPROM.read(ID_ADDR); // read the first byte from the EEPROM
  if( id == EEPROM_ID)
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  {
    // here if the id value read matches the value saved when writing eeprom
    Serial.println("Using data from EEPROM");
    ledPin = EEPROM.read(PIN_ADDR);
    byte hiByte =  EEPROM.read(INTERVAL_ADDR);
    byte lowByte =  EEPROM.read(INTERVAL_ADDR+1);
    interval =  word(hiByte, lowByte); // see word function in Recipe 3.15
  }
  else
  {
    // here if the ID is not found, so write the default data
    Serial.println("Writing default data to EEPROM");
    EEPROM.write(ID_ADDR,EEPROM_ID); // write the ID to indicate valid data
    EEPROM.write(PIN_ADDR, ledPin); // save the pin in eeprom
    byte hiByte = highByte(interval);
    byte loByte = lowByte(interval);
    EEPROM.write(INTERVAL_ADDR, hiByte);
    EEPROM.write(INTERVAL_ADDR+1, loByte);

  }
  Serial.print("Setting pin to ");
  Serial.println(ledPin,DEC);
  Serial.print("Setting interval to ");
  Serial.println(interval);

  pinMode(ledPin, OUTPUT);
}

void loop()
{
  // this is the same code as the BlinkWithoutDelay example sketch
  if (millis() - previousMillis > interval)
  {
    previousMillis = millis();     // save the last time you blinked the LED
    // if the LED is off turn it on and vice versa:
    if (ledState == LOW)
      ledState = HIGH;
    else
      ledState = LOW;
    digitalWrite(ledPin, ledState);   // set LED using value of ledState
  }
  processSerial();
}

// function to get duration or pin values from Serial Monitor
// value followed by  i is interval, p is pin number
int value = 0;

void processSerial()
{
   if( Serial.available())
  {
    char ch = Serial.read();
    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
    {
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       value = (value * 10) + (ch - '0'); // yes, accumulate the value
    }
    else if (ch == 'i')  // is this the interval
    {
       interval = value;
       Serial.print("Setting interval to ");
       Serial.println(interval);
       byte hiByte = highByte(interval);
       byte loByte = lowByte(interval);
       EEPROM.write(INTERVAL_ADDR, hiByte);
       EEPROM.write(INTERVAL_ADDR+1, loByte);
       value = 0; // reset to 0 ready for the next sequence of digits
    }
    else if (ch == 'p')  // is this the pin number
    {
       ledPin = value;
       Serial.print("Setting pin to ");
       Serial.println(ledPin,DEC);
       pinMode(ledPin, OUTPUT);
       EEPROM.write(PIN_ADDR, ledPin); // save the pin in eeprom
       value = 0; // reset  to 0 ready for the next sequence of digits
    }
  }
}

Discussion

read write clear EEPROM.clear()

EEPROM.write(address, value)

EEPROM.read(address)
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ID
setup

ID
ID

ID

ledPin

EEPROM.write(PIN_ADDR, ledPin); // save the pin in eeprom

int

byte hiByte = highByte(interval);
byte loByte = lowByte(interval);
EEPROM.write(INTERVAL_ADDR, hiByte);
EEPROM.write(INTERVAL_ADDR+1, loByte);

int

ledPin = EEPROM.read(PIN_ADDR);
byte hiByte =  EEPROM.read(INTERVAL_ADDR);
byte lowByte =  EEPROM.read(INTERVAL_ADDR+1);
interval =  word(hiByte, lowByte);

word

See Also

18.2  Using Hardware Interrupts
Problem
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Solution

/*
  Interrupts sketch

 see Recipe 10.1 for connection diagram
 */

const int irReceiverPin = 2;             //pin the receiver is connected to
const int numberOfEntries = 64;

volatile unsigned long microseconds;
volatile byte index = 0;
volatile unsigned long results[numberOfEntries];

void setup()
{
  pinMode(irReceiverPin, INPUT);
  Serial.begin(9600);
  attachInterrupt(0, analyze, CHANGE);  // encoder pin on interrupt 0 (pin 2);
  results[0]=0;
}

void loop()
{
  if(index >= numberOfEntries)
  {
    Serial.println("Durations in Microseconds are:") ;
    for( byte i=0; i < numberOfEntries; i++)
    {
      Serial.println(results[i]);
    }
    while(1)
      ;
  }
  delay(1000);
}

void analyze()
{
  if(index < numberOfEntries  )
  {
    if(index > 0)
    {
      results[index] = micros() - microseconds;
    }
    index = index + 1;
  }
  microseconds = micros();
}
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Discussion
setup attachInterrupt(0, analyze, CHANGE);

analyze

CHANGE

LOW
RISING
FALLING

loop index
loop index index

analyze
index
results

millis micros

volatile

volatile

index

index 0
loop
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while

See Also

18.3  Setting Timer Duration
Problem

Solution

/*
  pulseTimer2
  pulse a pin at a rate set from serial input
 */

#include <MsTimer2.h>

const int pulsePin = 13;

int period = 100; // 10 milliseconds
boolean output = HIGH; // the state of the pulse pin

void setup()
{
  pinMode(pulsePin, OUTPUT);
  Serial.begin(9600);

  MsTimer2::set(period/2, flash);
  MsTimer2::start();

  period= 0; // reset to zero ready for serial input
}

void loop()
{
   if( Serial.available())
  {
    char ch = Serial.read();
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    if(ch >= '0' && ch <= '9') // is this an ascii digit between 0 and 9?
    {
       period = (period * 10) + (ch - '0'); // yes, accumulate the value
    }
    else if (ch == 10)  // is the character the newline character
    {
       Serial.println(period);
       MsTimer2::set(period/2, flash);
       MsTimer2::start();
       period = 0; // reset to 0 ready for the next sequence of digits
    }
  }

}

void flash()
{
  digitalWrite(pulsePin, output);
  output = !output;  // invert the output
}

Discussion

analogWrite

MsTimer2::set(period/2, flash);

flash

MsTimer2::start();

start stop

flash
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loop

analogWrite

See Also

18.4  Setting Timer Pulse Width and Duration
Problem

Solution

#include <TimerOne.h>

#define pwmRegister OCR1A    // the logical pin, can be set to OCR1B
const int   outPin =  9;     // the physical pin
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long period = 10000;      // the period in microseconds
long pulseWidth = 1000;   // width of a pulse in microseconds

int prescale[] = {0,1,8,64,256,1024}; // the range of prescale values

void setup()
{
  Serial.begin(9600);
  pinMode(outPin, OUTPUT);
  Timer1.initialize(period);        // initialize timer1, 1000 microseconds
  setPulseWidth(pulseWidth);
}

void loop()
{
}

bool setPulseWidth(long microseconds)
{
  bool ret = false;

  int prescaleValue = prescale[Timer1.clockSelectBits];
  // calculate time per counter tick in nanoseconds
  long  precision = (F_CPU / 128000)  * prescaleValue  ;   
  period = precision * ICR1 / 1000; // period in microseconds
  if( microseconds < period)
  {
    int duty = map(microseconds, 0,period, 0,1024);
    if( duty < 1)
      duty = 1;
    if(microseconds > 0 && duty < RESOLUTION)
    {
       Timer1.pwm(outPin, duty);
       ret = true;
    }
  }
  return ret;
}

Discussion

pulseWidth

analogWrite analogWrite
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period pulseWidth

#define pwmRegister OCR1B    // the logical pin
const int   outPin =  10;    // the physical pin - OCRIB is pin 10

OCR1A OCR1B

ICR1

ICR1 1000

OCR1A OCR1B

ICR1 1000
OCR1A 100 HIGH LOW

setPulseWidth

ICR1

  int prescaleValue = prescale[Timer1.clockSelectBits];

clockSelectBits
prescale

precision

  long  precision = (F_CPU / 128000)  * prescaleValue  ;   // time per
counter tick in ns
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ICR1

  period = precision * ICR1 / 1000; // period in microseconds

pwm

map

int duty = map(microseconds, 0,period, 1,1023);

18.5  Creating a Pulse Generator
Problem

Solution

#include <TimerOne.h>

const char SET_PERIOD_HEADER      = 'p';
const char SET_FREQUENCY_HEADER   = 'f';
const char SET_PULSE_WIDTH_HEADER = 'w';
const char SET_DUTY_CYCLE_HEADER  = 'c';

#define pwmRegister OCR1A    // the logical pin, can be set to OCR1B
const int   outPin =  9;     // the physical pin

long period = 1000;     // the period in microseconds
int duty = 512;         // duty as a range from 0 to 1024, 512 is 50% duty cycle

int prescale[] = {0,1,8,64,256,1024}; // the range of prescale values

void setup()
{
  Serial.begin(9600);
  pinMode(outPin, OUTPUT);
  Timer1.initialize(period);        // initialize timer1, 1000 microseconds
  Timer1.pwm(9, duty);              // setup pwm on pin 9, 50% duty cycle
}

void loop()
{
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   processSerial();
}

void processSerial()
{
 static long val = 0;

  if ( Serial.available())
  {
    char ch = Serial.read();

    if(ch >= '0' && ch <= '9')              // is ch a number?
    {
       val = val * 10 + ch - '0';           // yes, accumulate the value
    }
    else if(ch == SET_PERIOD_HEADER)
    {
      period = val;
      Serial.print("Setting period to ");
      Serial.println(period);
      Timer1.setPeriod(period);
      Timer1.setPwmDuty(outPin, duty);  // don't change the duty cycle
      show();
      val = 0;
    }
    else if(ch == SET_FREQUENCY_HEADER)
    {
      if(val > 0)
      {
        Serial.print("Setting frequency to ");
        Serial.println(val);
        period = 1000000 / val;
        Timer1.setPeriod(period);
        Timer1.setPwmDuty(outPin, duty);  // don't change the duty cycle
      }
      show();
      val = 0;
    }
    else if(ch ==  SET_PULSE_WIDTH_HEADER)
    {
      if( setPulseWidth(val) ) {
         Serial.print("Setting Pulse width to ");
         Serial.println(val);
      }
      else
         Serial.println("Pulse width too long for current period");
      show();
      val = 0;
    }
    else if(ch == SET_DUTY_CYCLE_HEADER)
    {
     if( val >0 && val < 100)
     {
        Serial.print("Setting Duty Cycle to ");
        Serial.println(val);
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        duty = map(val,1,99, 1, ICR1);
        pwmRegister = duty;
        show();
     }
     val = 0;
    }
  }
}

bool setPulseWidth(long microseconds)
{
  bool ret = false;

  int prescaleValue = prescale[Timer1.clockSelectBits];
  // calculate time per tick in ns
  long  precision = (F_CPU / 128000)  * prescaleValue  ;   
  period = precision * ICR1 / 1000; // period in microseconds
  if( microseconds < period)
  {
    duty = map(microseconds, 0,period, 0,1024);
    if( duty < 1)
      duty = 1;
    if(microseconds > 0 && duty < RESOLUTION)
    {
       Timer1.pwm(outPin, duty);
       ret = true;
    }
  }
  return ret;
}

void show()
{
   Serial.print("The period is ");
   Serial.println(period);
   Serial.print("Duty cycle is ");
   // pwmRegister is ICR1A or ICR1B
   Serial.print( map( pwmRegister, 0,ICR1, 1,99));      
   Serial.println("%");
   Serial.println();
}

Discussion

val

void instructions()
{
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   Serial.println("Send values followed by one of the following tags:");
   Serial.println(" p - sets period in microseconds");
   Serial.println(" f - sets frequency in Hz");
   Serial.println(" w - sets pulse width in microseconds");
   Serial.println(" c - sets duty cycle in %");
   Serial.println("\n(duty cycle can have one decimal place)\n");
}

See Also

18.6  Changing a Timer’s PWM Frequency
Problem

analogWrite analogWrite

Solution

Timer0 (pins 5 and 6)

TCCR0B value
Prescale factor
(divisor) Frequency

32 (1) 1 62500

33 (2) 8 7812.5

34 64 976.5625

35 256 244.140625

36 1,024 61.03515625

Timer1 (pins 9 and 10)

TCCR1B prescale
value

Prescale factor
(divisor) Frequency

1 1 312500

2 8 3906.25

3 64 488.28125

4 256 122.0703125

5 1,024 30.517578125
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Timer2 (pins 11 and 3)

TCCR2B value
Prescale factor
(divisor) Frequency

1 1 312500

2 8 3906.25

3 64 488.28125

4 256 122.0703125

5 1,024 30.517578125

const byte mask = B11111000; // mask bits that are not prescale values
int prescale = 0;

void setup()
{
  Serial.begin(9600);
  analogWrite(3,128);
  analogWrite(5,128);
  analogWrite(6,128);
  analogWrite(9,128);
  analogWrite(10,128);
  analogWrite(11,128);
}

void loop()
{
  if ( Serial.available())
  {
    char ch = Serial.read();
    if(ch >= '0' && ch <= '9')              // is ch a number?
    {
      prescale = ch - '0';
    }
    else if(ch == 'a')  // timer 0;
    {
      TCCR0B = (TCCR0B & mask)  | prescale;
    }
    else if(ch == 'b')  // timer 1;
    {
      TCCR1B = (TCCR1B & mask)  | prescale;
    }
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    else if(ch == 'c')  // timer 2;
    {
      TCCR2B = (TCCR2B & mask)  | prescale;
    }
  }
}

analogWrite
delay millis

Discussion

TCCRnB n
TCCR3B TCCR4B TCCR5B

18.7  Counting Pulses
Problem

Solution

/*
 * HardwareCounting sketch
 *
 * uses pin 5 on 168/328, pin 47 on Mega
 */

unsigned int count;

unsigned int getCount()
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{
   TCCR1B= 0 ;           // Gate Off  / Counter Tn stopped
   count = TCNT1;
   TCNT1 = 0;

   bitSet(TCCR1B ,CS12);  // Counter Clock source is external pin
   bitSet(TCCR1B ,CS11);  // Clock on rising edge
   bitSet(TCCR1B ,CS10);  // you can clear this bit for falling edge

   return count;
}

void setup()
{
  Serial.begin(9600);
  digitalWrite(5, HIGH);
  // hardware counter setup (see ATmega data sheet for details)
  TCCR1A=0;        // reset timer/counter control register A
  getCount();      // this will start the clock
}

void loop()
{
  delay(1000);
  Serial.println(getCount());
}

TCCR1A TCCR5A TCCR1B TCCR5B

Discussion

TCCR1A=0; setup TCCR1A

getCount()

loop
0
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See Also

18.8  Measuring Pulses More Accurately
Problem

Solution

/*
 * InputCapture
 * uses timer hardware to measure pulses on pin 8
 */

const int inputCapturePin = 8;     // input pin cannot be changed

const int prescale = 8;            // prescale factor (each tick 0.5 us @16MHz)
const byte prescaleBits = B010;    // see Table 18-1 or Datasheet
// calculate time per counter tick in ns
const long  precision = (1000000/(F_CPU/1000)) * prescale  ;   

const int numberOfEntries = 64;    // the number of pulses to measure

volatile byte index = 0;
volatile unsigned int results[numberOfEntries]; // note this is 16 bit value

/* ICR interrupt vector */
ISR(TIMER1_CAPT_vect)
{
  TCNT1 = 0;                            // reset the counter
  if( index != 0 || bitRead(TCCR1B ,ICES1) == true)   // wait for rising edge
  {                                     // falling edge was detected
    results[index] = ICR1;              // save the input capture value
    index = index + 1;
  }
  TCCR1B ^= _BV(ICES1);            // toggle bit to trigger on the other edge
}

void setup() {
  Serial.begin(9600);
  pinMode(inputCapturePin, INPUT); // ICP pin (digital pin 8 on Arduino) as input

  TCCR1A = 0 ;                    // Normal counting mode
  TCCR1B = prescaleBits ;         // set prescale bits
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  TCCR1B |= _BV(ICES1);           // enable input capture

  bitSet(TIMSK1,ICIE1);           // enable input capture interrupt for timer 1
  Serial.println( precision);     // report duration of each tick in microseconds
}

// this loop prints the number of pulses in the last second, showing min and max
pulse widths
void loop() {
  if(index >= numberOfEntries)
  {
    Serial.println("Durations in Microseconds are:") ;
    for( byte i=0; i < numberOfEntries; i++)
    {
      long duration;
      duration = results[i] * precision; // pulse duration in nanoseconds
      Serial.println(duration / 1000);   // duration in microseconds
    }
    while(1)    // loop so the print statements are executed once only
      ;
  }
}

Discussion

overflow

volatile int overflows = 0;

/* Overflow interrupt vector */
ISR(TIMER1_OVF_vect)                 // here if no input pulse detected
{
  overflows++;                       // increment overflow count
}
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setup

  TIMSK1 =  _BV(ICIE1);           // enable input capture interrupt for timer 1
  TIMSK1 |= _BV(TOIE1);           // Add this line to enable overflow interrupt

18.9  Measuring Analog Values Quickly
Problem

Solution
analogRead

const int sensorPin = 0;             //pin the receiver is connected to
const int numberOfEntries = 100;

unsigned long microseconds;
unsigned long duration;

int results[numberOfEntries];

void setup()
{
  Serial.begin(9600);

  // standard analogRead performance (prescale =  128)
  microseconds = micros();
  for(int i = 0; i < numberOfEntries; i++)
  {
      results[i] = analogRead(sensorPin);
  }
  duration = micros() - microseconds;
  Serial.print(numberOfEntries);
  Serial.print(" readings took ");
  Serial.println(duration);

 // running with high speed clock (set prescale to 16)
  bitClear(ADCSRA,ADPS0) ;
  bitClear(ADCSRA,ADPS1) ;
  bitSet(ADCSRA,ADPS2) ;
  microseconds = micros();
  for(int i = 0; i < numberOfEntries; i++)
  {
      results[i] = analogRead(sensorPin);
  }
  duration = micros() - microseconds;
  Serial.print(numberOfEntries);
  Serial.print(" readings took ");
  Serial.println(duration);
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}

void loop()
{
}

100 readings took 11308
100 readings took 1704

Discussion
analogRead

analogRead

analogRead

ADCSRA
ADPS0 ADPS1 ADPS2

See Also

18.10  Reducing Battery Drain
Problem

Solution

#include <Narcoleptic.h>

void setup() {
  pinMode(2,INPUT);
  digitalWrite(2,HIGH);
  pinMode(13,OUTPUT);
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  digitalWrite(13,LOW);
}

void loop() {
  int a;

  // Merlin the cat is snoozing... Connect digital pin 2 to ground to wake him up.
  Narcoleptic.delay(500); // During this time power consumption is minimized

  while (digitalRead(2) == LOW) {
    // Wake up CPU. Unfortunately, Merlin does not like waking up.

    // Swipe claws left
    digitalWrite(13,HIGH);
    delay(50);

    // Swipe claws right
    digitalWrite(13,LOW);
    delay(50);
  }

  // Merlin the cat goes to sleep...
}

Discussion

void longDelay(long milliseconds)
{
   while(milliseconds > 0)
   {
      if(milliseconds > 8000)
      {
         milliseconds -= 8000;
         Narcoleptic.delay(8000);
      }
      else
      {
        Narcoleptic.delay(milliseconds);
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        break;
      }

   }
}

See Also

18.11  Setting Digital Pins Quickly
Problem

digital
Write

Solution
digitalWrite

digitalWrite

/*
 * Morse sketch
 *
 * Direct port I/O used to send AM radio carrier at 1MHz
 */

const int sendPin = 2;

const byte WPM = 12;                    // sending speed in words per minute
const long repeatCount = 1200000 / WPM; // count used to determine
the duration of dots and dashes
const byte dot = 1;
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const byte dash = 3;
const byte gap = 3;
const byte wordGap = 7;

byte letter = 0; // the letter to send

char *arduino = ".- .-. -.. ..- .. -. ---";

void setup()
{
  pinMode(sendPin, OUTPUT);
  Serial.begin(9600);
}

void loop()
{
  sendMorse(arduino);
  delay(2000);
}

void sendMorse(char * string)
{
  letter = 0 ;
  while(string[letter]!= 0)
  {
    if(string[letter] == '.')
    {
      sendDot();
    }
    else if(string[letter] == '-')
    {
      sendDash();
    }
    else if(string[letter] == ' ')
    {
      sendGap();
    }
    else if(string[letter] == 0)
    {
      sendWordGap();
    }
    letter = letter+1;
  }
}

void  sendDot()
{
  transmitCarrier( dot *  repeatCount);
  sendGap();
}

void  sendDash()
{
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  transmitCarrier( dash *  repeatCount);
  sendGap();
}

void  sendGap()
{
  transmitNoCarrier( gap *  repeatCount);
}

void  sendWordGap()
{
  transmitNoCarrier( wordGap *  repeatCount);
}

void transmitCarrier(long count)
{
  while(count--)
  {
    bitSet(PORTD, sendPin);
    bitSet(PORTD, sendPin);
    bitSet(PORTD, sendPin);
    bitSet(PORTD, sendPin);
    bitClear(PORTD, sendPin);
  }
}

void transmitNoCarrier(long count)
{
  while(count--)
  {
    bitClear(PORTD, sendPin);
    bitClear(PORTD, sendPin);
    bitClear(PORTD, sendPin);
    bitClear(PORTD, sendPin);
    bitClear(PORTD, sendPin);
  }
}

Discussion

bitSet bitClear HIGH LOW
bitSet bitClear

PORTD sendPin

PORTD PORTD
PORTB
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PORTA bitSet bitClear

PORTB

const int sendPin = 13;

bitSet(PORTB, sendPin - 8);
bitClear(PORTB, sendPin - 8);

PORTB

bitSet

digitalWrite

count
transmitCarrier bitSet bitClear

bitClear
count
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Electronic Components

Capacitor

579

http://www.makershed.com/ProductDetails.asp?ProductCode=MSGSA
http://www.sparkfun.com/commerce/product_info.php?products_id=9952
http://www.adafruit.com/index.php?main_page=product_info&products_id=68
http://oomlout.co.uk/arduino-experimentation-kit-ardx-p-183.html
http://www.seeedstudio.com/depot/super-seeeduino-catalyst-pack-p-257.html
http://oreilly.com/catalog/9780596802486/


Diode
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Integrated Circuit

Keypad

LED

Motor (DC)

Optocoupler

Photocell (Photoresistor)

Piezo

Piezo | 581



Pot (Potentiometer)

Relay

Resistor

Solenoid

Speaker

Stepper Motor
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Switch

Transistor

See Also

See Also | 583
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APPENDIX B

Using Schematic Diagrams and
Data Sheets

585
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How to Read a Data Sheet

Choosing and Using Transistors for Switching

Choosing and Using Transistors for Switching | 587
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Absolute maximum ratings

Parameter Symbol Rating Units Comment

Collector-emitter voltage Vceo 40 Volts The maximum voltage between the collector and
emitter

Collector current Ic 600 mA or A The maximum current that the transistor is designed
to handle

Electrical characteristics

DC current gain Ic 90 @ 10 mA  Gain with 10 mA current flowing

Ic 50 @ 500
mA

 Gain with 500 mA current flowing

Collector-emitter
saturation voltage

Vce

(sat)

0.3 @ 100
mA

1.0 @ 500
mA

Volts

Volts

Voltage drop across collector and emitter at various
currents
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Building and Connecting the Circuit

Using a Breadboard
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Connecting and Using External Power Supplies and Batteries
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Using Capacitors for Decoupling

Using Snubber Diodes with Inductive Loads

Working with AC Line Voltages
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APPENDIX D

Tips on Troubleshooting
Software Problems

Code That Won’t Compile

void loop()
{
  digitalWrite(ledPin, HIGH)    // <- ERROR: missing semicolon
  delay(1000);
}

  In function 'void loop()':
  error: expected `;' before 'delay

  expected unqualified-id before numeric constant
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const int ledPin =  13    // <- ERROR: missing semicolon after constant

LedPin ledPin

const int ledPin =  13

digitalWrite(LedPin, HIGH);   // <- ERROR: the capitalization is different

  In function 'void loop()':
  error: 'LedPin' was not declared in this scope

digitalWrite(ledPin);   // <- ERROR: this is missing the second parameter

 error: too few arguments to function 'void digitalWrite(uint8_t, uint8_t)'
 error: at this point in file

loop()               // <- ERROR: loop is missing the return type
{
}

  error: ISO C++ forbids declaration of 'loop' with no type

void loop()               // <- return type precedes function name
{
}

digitalWrite(ledPin, HIGH);   / set the LED on (ERROR: missing //)

 error: expected primary-expression before '/' token
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Code That Compiles but Does Not Work As Expected

Serial.print()

serial.print()

const int potPin = 0;
const int ledPin = 13;
int val = 0;

void setup()

Code That Compiles but Does Not Work As Expected | 597



{
  Serial.begin(9600);       // <- add this to initialize Serial
  pinMode(ledPin, OUTPUT);
}

void loop() {
  val = analogRead(potPin);    // read the voltage on the pot
  Serial.println(val);         // <- add this to display the reading
  digitalWrite(ledPin, HIGH);
  delay(val);
  digitalWrite(ledPin, LOW);
  delay(val);
}

Troubleshooting Interrelated Hardware/Software Problems
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Tips on Troubleshooting
Hardware Problems
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Still Stuck?
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APPENDIX F

Digital and Analog Pins

Digital pin

Arduino 168/328 Arduino Mega (pins 0–19)

Port Analog pin Usage Port Analog pin Usage

0 PD 0  USART RX PE 0  USART0 RX, Pin Int 8

1 PD 1  USART TX PE 1  USART0 TX

2 PD 2  Ext Int 0 PE 4  PWM T3B, INT4

3 PD 3  PWM T2B, Ext Int 1 PE 5  PWM T3C, INT5

4 PD 4   PG 5  PWM T0B

5 PD 5  PWM T0B PE 3  PWM T3A

6 PD 6  PWM T0A PH 3  PWM T4A

7 PD 7   PH 4  PWM T4B

8 PB 0  Input capture PH 5  PWM T4C

9 PB 1  PWM T1A PH 6  PWM T2B

10 PB 2  PWM T1B, SS PB 4  PWM T2A, Pin Int 4

11 PB 3  PWM T2A, MOSI PB 5  PWM T1A, Pin Int 5

12 PB 4  SPI MISO PB 6  PWM T1B, Pin Int 6

13 PB 5  SPI SCK PB 7  PWM T0A, Pin Int 7

14 PC 0 0  PJ 1  USART3 TX, Pin Int 10

15 PC 1 1  PJ 0  USART3 RX, Pin Int 9
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Digital pin

Arduino 168/328 Arduino Mega (pins 0–19)

Port Analog pin Usage Port Analog pin Usage

16 PC 2 2  PH 1  USART2 TX

17 PC 3 3  PH 0  USART2 RX

18 PC 4 4 I2C SDA PD 3  USART1 TX, Ext Int 3

19 PC 5 5 I2C SCL PD 2  USART1 RX, Ext Int 2

Arduino Mega (pins 20–44) Arduino Mega (pins 45–69)

Digital pin Port Usage Digital pin Port Analog pin Usage

20 PD 1 I2C SDA, Ext Int 1 45 PL 4  PWM 5B

21 PD 0 I2C SCL, Ext Int 0 46 PL 3  PWM 5A

22 PA 0 Ext Memory addr bit 0 47 PL 2  T5 external counter

23 PA 1 Ext Memory bit 1 48 PL 1  ICP T5

24 PA 2 Ext Memory bit 2 49 PL 0  ICP T4

25 PA 3 Ext Memory bit 3 50 PB 3  SPI MISO

26 PA 4 Ext Memory bit 4 51 PB 2  SPI MOSI

27 PA 5 Ext Memory bit 5 52 PB 1  SPI SCK

28 PA 6 Ext Memory bit 6 53 PB 0  SPI SS

29 PA 7 Ext Memory bit 7 54 PF 0 0  

30 PC 7 Ext Memory bit 15 55 PF 1 1  

31 PC 6 Ext Memory bit 14 56 PF 2 2  

32 PC 5 Ext Memory bit 13 57 PF 3 3  

33 PC 4 Ext Memory bit 12 58 PF 4 4  

34 PC 3 Ext Memory bit 11 59 PF 5 5  

35 PC 2 Ext Memory bit 10 60 PF 6 6  

36 PC 1 Ext Memory bit 9 61 PF 7 7  

37 PC 0 Ext Memory bit 8 62 PK 0 8 Pin Int 16

38 PD 7  63 PK 1 9 Pin int 17

39 PG 2 ALE Ext Mem 64 PK 2 10 Pin Int 18

40 PG 1 RD Ext Mem 65 PK 3 11 Pin Int 19

41 PG 0 Wr Ext Mem 66 PK 4 12 Pin Int 20

42 PL 7  67 PK 5 13 Pin Int 21

43 PL 6  68 PK 6 14 Pin Int 22

44 PL 5 PWM 5C 69 PK 7 15 Pin Int 23

604 | Appendix F:ಗDigital and Analog Pins



Timer Arduino 168/328 Mega

Timer 0 mode (8-bit) Fast PWM Fast PWM

Timer0A analogWrite pin Pin 6 Pin 13

Timer0B analogWrite pin Pin 5 Pin 4

Timer 1 (16-bit) Phase correct PWM Phase correct PWM

Timer1A analogWrite pin Pin 9 Pin 11

Timer1B analogWrite pin Pin 10 Pin 12

Timer 2 (8-bit) Phase correct PWM Phase correct PWM

Timer2A analogWrite pin Pin 11 Pin 10

Timer2B analogWrite pin Pin 3 Pin 9

Timer 3 (16-bit) N/A Phase correct PWM

Timer3A analogWrite pin  Pin 5

Timer3B analogWrite pin  Pin 2

Timer3C analogWrite pin  Pin 3

Timer 4 (16-bit) N/A Phase correct PWM

Timer4A analogWrite pin  Pin 6

Timer4A analogWrite pin  Pin 7

Timer4A analogWrite pin  Pin 8

Timer 5 (16-bit) N/A  

Timer5A analogWrite pin  Pin 46

Timer5A analogWrite pin  Pin 45

Timer5A analogWrite pin  Pin 5
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APPENDIX G

ASCII and Extended Character Sets

Decimal Hex Escape code Description

0 0x0 '\0' Null character (used to terminate a C string)

9 0x9 '\t' Tab

10 0xA '\n' New line

13 0xD '\r' Carriage return

27 0x1B  Escape

 Dec Hex  Dec Hex  Dec Hex

Space 32 20 @ 64 40 ` 96 60

! 33 21 A 65 41 a 97 61

" 34 22 B 66 42 b 98 62

# 35 23 C 67 43 c 99 63

$ 36 24 D 68 44 d 100 64

% 37 25 E 69 45 e 101 65
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 Dec Hex  Dec Hex  Dec Hex

& 38 26 F 70 46 f 102 66

' 39 27 G 71 47 g 103 67

( 40 28 H 72 48 h 104 68

) 41 29 I 73 49 i 105 69

* 42 2A J 74 4A j 106 6A

+ 43 2B K 75 4B k 107 6B

, 44 2C L 76 4C l 108 6C

- 45 2D M 77 4D m 109 6D

. 46 2E N 78 4E n 110 6E

/ 47 2F O 79 4F o 111 6F

0 48 30 P 80 50 p 112 70

1 49 31 Q 81 51 q 113 71

2 50 32 R 82 52 r 114 72

3 51 33 S 83 53 s 115 73

4 52 34 T 84 54 t 116 74

5 53 35 U 85 55 u 117 75

6 54 36 V 86 56 v 118 76

7 55 37 W 87 57 w 119 77

8 56 38 X 88 58 x 120 78

9 57 39 Y 89 59 y 121 79

: 58 3A Z 90 5A z 122 7A

; 59 3B [ 91 5B { 123 7B

< 60 3C \ 92 5C | 124 7C

= 61 3D ] 93 5D } 125 7D

> 62 3E ^ 94 5E ~ 126 7E

? 63 3F _ 95 5F    
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 Dec Hex  Dec Hex  Dec Hex

Space 160 A0 À 192 C0 à 224 E0

¡ 161 A1 Á 193 C1 á 225 E1

¢ 162 A2 Â 194 C2 â 226 E2

£ 163 A3 Ã 195 C3 ã 227 E3

¤ 164 A4 Ä 196 C4 ä 228 E4

¥ 165 A5 Å 197 C5 å 229 E5

¦ 166 A6 Æ 198 C6 æ 230 E6

§ 167 A7 Ç 199 C7 ç 231 E7

¨ 168 A8 È 200 C8 è 232 E8

© 169 A9 É 201 C9 é 233 E9

ª 170 AA Ê 202 CA ê 234 EA

« 171 AB Ë 203 CB ë 235 EB

¬ 172 AC Ì 204 CC ì 236 EC

173 AD Í 205 CD í 237 ED

® 174 AE Î 206 CE î 238 EE

¯ 175 AF Ï 207 CF ï 239 EF

° 176 B0 Ð 208 D0 ð 240 F0

± 177 B1 Ñ 209 D1 ñ 241 F1

2 178 B2 Ò 210 D2 ò 242 F2

3 179 B3 Ó 211 D3 ó 243 F3

´ 180 B4 Ô 212 D4 ô 244 F4

µ 181 B5 Õ 213 D5 õ 245 F5

¶ 182 B6 Ö 214 D6 ö 246 F6

· 183 B7 × 215 D7 ÷ 247 F7

¸ 184 B8 Ø 216 D8 ø 248 F8

1 185 B9 Ù 217 D9 ù 249 F9

º 186 BA Ú 218 DA ú 250 FA

» 187 BB Û 219 DB û 251 FB

¼ 188 BC Ü 220 DC ü 252 FC

½ 189 BD Ý 221 DD ý 253 FD

¾ 190 BE Þ 222 DE þ 254 FE

¿ 191 BF ß 223 DF ÿ 255 FF
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/*
 * display characters from 1 to 255
 */

void setup()
{
  Serial.begin(9600);
  for(int i=1; i < 256; i++)
  {
     Serial.print(i, BYTE);
     Serial.print(", dec: ");
     Serial.print(i,DEC);
     Serial.print(", hex: ");
     Serial.println(i, HEX);
  }
}

void loop()
{
}
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Index

Symbols A
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B
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C
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